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THE WAR—AND AFTER. 
TTCHE terrible war which is now raging, not 

§ only near our shores, but also much further 
afield, is teaching us many lessons, among them 
that the things which make most for a nation’s 
life are apt not to be considered by the partisans 
of party politics. But it also shows that the 
British nation is sound enough at heart to throw 
off the trammels of party politics when a supreme 
moment arrives. Such a supreme moment is now 
on us and Britain is struggling for life with 
a foe who now shows his true colours. Many 
of us have been great admirers of Germany and 
German achievements along many lines, but we 
have now learned that her “culture” and admir- 
able organisation have not been acquired, as we 
do not doubt was thought by the workers them- 
selves, for the purpose of advancing knowledge 
and civilisation, but, in continuation of a settled 
policy, they have been fostered and used in order 
that a military caste in Germany, with the Kaiser 
at its head, shall ride roughshod over Europe, all 
treaties and national rights abrogated, all conven- 
tions set aside, all honour thrown to the winds, 
all laws of war and even of humanity disregarded. 
We are back in the days of the Huns. There is 
no doubt that in the complete plan of the great 
schemer the conquest and subsequent effacement 
of Britain were included. 

Thank God, after many days of the most 
terrible fighting which the world has ever seen, it 
seems as if the day of the humiliation of France, 
which was to be the first stepping-stone to the final 
achievement, is not yet, and that before long the 
arch-plotter may be caught in the toils which he 
set for others. His final humiliation and over- 
throw are necessary for the world’s peace, and 
will certainly come. 

It is not for a scientific journal to chronicle the 
progress or to predict in detail the possible conse- 
quences of a war so brutally brought about, so 
brutally carried on by our enemy. Our task rather 
is to point out the importance not only of 
strengthening the troops in the field, but of seeing 
that our industries shall not suffer too greatly, for 
industry can alone supply in the long run the 
sinews of war for whatever period the conflict 
lasts; industry, moreover, to be most effective, 
must be broadly based on science. 

In the latter direction the Government has taken 
avery wise step. The following communication 
has been issued from Downing Street :— 
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“ 


“Bearing in mind the sudden cessation of the 
oversea trade with Germany and Austria, the 
Secretary of State for the Colonies, with a view to 
alleviating to some extent the loss of business 


| and employment both in the United Kingdom and 
| the Colonies, telegraphed on the 15th inst. to some 


of the more important colonies not possessing re- 


| sponsible government to remind them that it is of 





the utmost importance to have full information up 


| to date respecting the principal imports into each 
‘colony from Germany and Austria and as to the 


products of each colony hitherto exported to those 
countries. The Secretary of State has further 
desired that he should have by the earliest oppor- 


tunity particulars as to the leading lines of articles 
| of trade with Germany and Austria, illustrated by 


samples in the same way as was arranged in 
1895. 

“The Secretary of State has it in mind that 
action on the above lines will not only be an imme- 
diate benefit as regards employment in the United 
Kingdom, but should also lead to the permanent 
advantage of British trade in general. 

“It is understood that the Trade Commissioners 
in the various self-governing Dominions are 
already kept closely in touch with the requirements 
of the trade in those Dominions, and collections 
of samples of different lines of goods in which 
British manufacturers might compete have recently 
been sent, or are on their way from certain parts 
of those Dominions. 

“As regards neutral foreign countries the Secre- 
tary of State for Foreign Affairs has undertaken 
to send a similar request to his Majesty’s Consuls 
in all places where such an inquiry is likely to have 
a useful result. 

“The present intention of the Secretary of State 
for the Colonies is that, as soon as the samples 
from different parts of the Empire and from neutral 
countries are collected the traders and manu- 
facturers of the United Kingdom shall have an 
opportunity of inspecting them in a central exhibi- 
tion, possibly at the Imperial Institute. At any 
rate, no time will be lost in making suitable 
arrangements to carry out this intention.” 


“The Board of Trade are moving on che same 
lines, and have devised what promises to be a 
fruitful campaign for assisting British manufac- 
turers and traders to take advantage of the war 
by establishing themselves, in neutral as well as 
Colonial markets, in those branches of business 
which have hitherto been largely in the hands of 
their German, Austrian, and Hungarian rivals. 

“There are two great and undoubted factors 
which tend to ensure such a development of 
British Overseas trade to a very considerable ex- 
tent. One is to be found in the safety of the 
trade routes, together with the protection afforded 
by the State scheme of insurance against war 
risks, and the financial measures also taken by 
the Government for the continuance of business 
transactions. The second is that German and 
Austro-Hungarian trade with foreign countries is 
at a standstill. 


C 
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“In pursuance of this scheme the Commercial 
Intelligence Branch of the Board of Trade (73 
Basinghall Street, E.C.) are issuing to manufac- 
turers and merchants, trade associations and 
chambers of commerce, monographs giving infor- 
mation with regard to possible foreign and Colo- 
nial developments in certain important trades car- 
ried on by them or in their respective districts. 
The trades dealt with in the first series of mono- 
graphs are cutlery, iron and steel wire, hollow- 
ware (enamelled or tinned), woollen and worsted 
piece goods, and cotton hosiery (stockings and 
socks).” 


To those who have followed the German “cul- 
ture” for the last thirty or forty years it is well 
known that the fostering of their industries in that 
country by technical instruction in all forms has 
been increasing, and it will be found that our 
manufacturers will have the greatest difficulty in 
carrying out the Government’s intention precisely 
in those branches of industry in which technical 
instruction of the most advanced kind, with accom- 
panying research, has been most lacking in 
Britain. 

For some time before the war a committee of 
the British Science Guild was preparing a state- 
ment showing the disadvantages under which the 
optical trades suffer in this country, and we are 
glad to see that the President of the Board of 
Trade has now appointed a committee “to consider 
and advise as to the best means of obtaining for 
the use of British industry sufficient supplies of 
chemical products, colours, and dye-stuffs of kinds 
hitherto largely imported from countries with 
which we are at present at war.” Of this Com- 
mittee Lord Haldane is chairman, and Dr. Beilby 
and Profs. Meldola and Perkin are among the 
members. 

Let us hope that these and other similar efforts 
will be fruitful of result. Let us increase our 
“culture,” not as part of a settled plan for the 
detriment of other countries, but as a serious 
endeavour to advance our own Empire and modern 
civilisation generally with all that it brings 
with it. 


BIOLOGY OF THE SEX- AND BLOOD- 
CELLS. 


(1) Artificial Parthenogenesis and Fertilisation. 
By Jacques Loeb. Originally translated from 
the German by W. O. Redman _ King. 
Supplemented and revised by the Author. 
Pp. x+306. (Chicago: University of Chicago 
Press; London: Cambridge University Press, 
n.d.) Price tos. net. 

(2) The Biology of the Blood-cells. 
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With a 





By Dr. 
(Bristol : 
Price 


Glossary of Haematological Terms. 
O. C. Gruner. Pp. xii+ 392+ plates. 
John Wright and Sons, Ltd., 1913.) 
21s. net. 
(1) “JHE development of the female cell or 
egg without fertilisation by the male 
cell or sperm—parthenogenesis—has been known 
to occur among the plant lice, or aphides, since 
the eighteenth century, but the artificial produc- 
tion of a similar phenomenon—artificial partheno- 
genesis—is essentially an accomplishment of the 
closing decades of the nineteenth century. This 
book gives an excellent and fascinating summary 
of the considerable amount of experimental work 
which has now been performed on this subject. 
Artificial parthenogenesis has been principally 
carried out with the eggs of sea-urchins, but the 
same kind of results have also been obtained with 
those of starfish, annelid worms and molluscs, 
and also with frogs and toads. Although there 
is usually considerable mortality among the 
artificially fertilised forms during the earlier 
periods of development, Delage has reared two 
parthenogenetic larve of the sea-urchin during 
sixteen months to a stage of sexual maturity, and 
Loeb and Bancroft raised tadpoles, and even a 
young frog with eggs in the sex-glands, from 
artificially fertilised frogs’ eggs! 

Commencing with some general remarks on 
the morphology of development, the influences of 
oxidation and of membrane formation on the de- 
velopment of the fertilised egg are considered. 
Apparently oxygen is necessary for development, 
and all observations point to the conclusion that 
the processes determining or underlying nuclear 
division depend upon oxidation. While a certain 
amount of oxidation proceeds in the unfertilised 
egg (and ultimately leads to its disintegration and 
death), the essential effect of the entrance of the 
sperm seems to be an acceleration, it may be to 
six-fold, of the oxidation processes, and if fer- 
tilised eggs be deprived of all oxygen no nuclear 
or cell division occurs; other reactions, such as 
hydrolyses, also doubtless take place. Another 
result of fertilisation is the immediate formation 
of a membrane, the fertilisation membrane, which 
surrounds the egg, after which the chemical pro- 
cesses that underlie development ensue. 

The earlier successful attempts to induce arti- 
ficially the development of sea-urchin eggs were 
obtained by the use of hypertonic sea-water 
(100 ¢.c. sea water + 2 grams sodium chloride). 
The eggss are first soaked in the hypertonic solu- 
tion for 2-4 hours, and are then returned to 
ordinary sea-water; if allowed to remain in the 
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hypertonic solution no development takes place. 
Other hypertonic solutions, provided they possess 
a similar osmotic action and are not poisonous 
(as is the case, for instance, with copper salts), 
may also be used. Better methods have since 
been devised, e.g. treatment first with a fatty 
acid, such as butyric, then with sea-water, next 
with the hypertonic solution and finally removal 
to sea-water. The fatty acid initiates membrane 
formation, the hypertonic solution the oxidation 
processes. Various substances, such as saponin, 
which have a lytic or solvent action upon the 
cortical layer of the egg and therefore lead to 
membrane formation, can also be substituted for 
fatty acid. 

Another fact of considerable is that 
blood or tissue-extracts, or the dead or living 


interest 


sperm, of a foreign species will induce membrane 
P 


formation in the unfertilised sea-urchin egg, while 
the extracts of the sea-urchin itself are inefficient 
to do so and the living sperm is alone effectual. 


This appears to be due to the fact that the foreign 


materials can diffuse into the egg, while its own 
materials are unable to, but must be carried by 
the living sperm. 
with heredity are discussed, and finally a chapter 
with the interesting question—can an 
embryo develop from a sperm? 
yolk and white of egg, 
transformation into a nucleus, but we are not yet 


deals 


in a position to state that the sperm can undergo | 
Altogether this book | 


mitosis outside the egg. 
can be recommended as an authoritative state- 


ment on artificial parthenogenesis by one who has | 


himself contributed so much to the subject. 


(2) Comparatively simple as the structure of the | 
blood seems at first sight to be, the more it is | 


studied the more complex it becomes, and the 
literature dealing with this subject has 
become truly enormous. 


now 


searches that have been carried out on the 
Structure, functions, and origin of the various 
elements of the blood, both normal and abnormal, 
which make their appearance in cases of disease. 
On the whole we think the author has accom- 


book which will be very useful to those who are 
Working at this subject. A bibliography, a 
glossary of hematological terms (which runs into 
more than thirty pages), and indexes to subjects 
and to authors, complete a work which must have 
entailed a considerable amount of labour. 

Rn. T.. Ht. 
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| (2) A School Course in Geometry. 


| (4) Slide-Rule Notes. 


| (5) A First Numerical Trigonometry. 


Various questions connected | 


Apparently in | 
fowl sperm can undergo 


In the present volume | 
the author has attempted to summarise the re- | 





MATHEMATICAL 
(1) (a) Plane and Solid 


TEXT-BOOKS. 

Geometry. By Prof. 
W. B. Ford and C. Ammerman. Edited by 
E. R. Hedrick. Pp. ix+321+xxxiii. (New 
York: The Macmillan Co.; London: Mac- 
millan and Co., Ltd., 1913.) Price 5s. 6d. net. 

(b) Solid Geometry. By Prof. W. B. Ford and 
C. Ammerman. Edited by E. R. Hedrick. 
Pp. ix+215-321+xlix. (New York: The 
Macmillan Co.; London: Macmillan and Co., 
Ltd., 1913.) Price 3s. 6d. net. 

By W. J. 
(London: Longmans, 

Price 3s. 6d. 


Dobbs. Pp. xxii+ 427. 
Green and Co., 1913.) 


| (3) Analytic.Geometry and Principles of Algebra. 


By Prof. A. Ziwet and L. A. Hopkins. Pp. 

vill+ 369. (New York: The Macmillan Co. ; 

London: Macmillan and Co., Ltd., 1913.) 

Price 7s. net. 

By Colonel H. C. Dunlop 
Jackson. Pp. 127. (London: 

Green and Co., 1913.) Price 


and C. S. 

Longmans, 

2s. 6d. net. 

By W. G. 
Borchardt and the Rev. A. D. Perrott. Pp. xi 
+159+xvii+xvii. (London: G. Bell and 
Sons, Ltd., 1913.) Price 2s. 6d. 

(6) Elementary Graphic Statics. By J. T. Wight. 
Pp. xii+227. (London: Whittaker and Co., 
1913.) Price 4s. net. 

(7) Models to Illustrate the 
Mathematics. By C. Elliott. 
(Edinburgh: Lindsay and Co., 1914.) 
2s. 6d. net. 

(8) Exercises in Mathematics. By D. B. Mair. 
Pp. xi+469. (London: Macmillan and Co., 
Ltd., 1914.) Price 4s. 6d. 

(9) A School Statics. By G. W. Brewster and 
C. J. L. Wagstaff. Pp. viii+ 248. (Cam- 
bridge: Heffer and Sons, Ltd., 1913.) Price 
35. net. 


Foundations of 
Pp. viii+116. 
Price 


(10) Proceedings of the London Mathematical 
Society. Second series. Vol. xii. Pp. lix+ 
488. (London: Francis Hodgson, 1913.) 


| (1) [TN America, as in England, the teaching of 


geometry has altered recently both in 


method and scope; and these changes are indi- 


‘ : | cated 
plished his object, and has produced a reference | 


in the report of the committee of the 
National Education Association, the recommenda- 
tions of which have been in the main adopted 
by the authors of this volume. The limitations 
of the subject-matter are similar to those with 
which English students are familiar, but there is 
a marked difference in the arrangement. The 
treatment of areas is postponed nearly to the 
end of the course, thus enabling angle and 
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tangent properties of the circle and theorems 
in proportion and similarity, to be taken at an 
early stage. 

The course of solid geometry, which occupies 
about one-third of the volume, and can also 
be obtained separately, follows the usual lines. 
There are three sections: (1) lines and planes 
in space; (2) polyhedra, cylinders, cones; (3) the 
sphere, the latter being treated more fully 
than usual. The examples are less conventional 
and more interesting than those in the ordinary 
text-book. 

(2) The author holds very strongly that pure geo- 
metry should not be separated from other branches 
of mathematics. In a single volume he has in- 
cluded quite a considerable amount of trigono- 
metry, calculus, and analytical methods (solid 
geometry is reserved for a second volume); and 
he has attempted to shew how all these subjects 
should be combined together, each assisting the 
development of the other. If proofs of geo- 
metrical properties can be simplified by the use 
either of trigonometry or analysis, he maintains 
that not only is it legitimate to do so, but that 
it is definitely wrong to ignore this opportunity. 
Mr. Dobbs’s book should exercise a _ refreshing 
influence on educational methods. 

(3) Into the ordinary analytical course a certain 
number of sections on pure algebra have been 
introduced on the ground that their utility can 
best be explained in this connection. This cer- 
tainly justifies the inclusion of simultaneous 
equations, theory of equations, complex numbers, 
gradients, and determinants; the brief account, 
however, of permutations and combinations in 
connection with the latter seems somewhat irrele- 
vant. The examples are of a numerical character, 
and advanced geometry of the conic is left 
aside. Special mention must be made of an in- 
teresting section on higher plane curves and 
empirical equations. The last four chapters cover 
the usual course of solid geometry so far as 
quadrics referred to principal axes. 

(4) Mr. Jackson’s name is in itself a sufficient 
guarantee that students will find all that they 
can possibly require in this account of the use 
of the slide-rule. After a brief introduction there 
are successive chapters on proportion, evolution 
and involution, the solution of quadratic and cubic 
equations, the trigonometric and logologarithmic 
scales, the plotting of curves and errors. The 
reader must of course have a slide-rule in his 
hand, but the clearness of the diagrams from 
which all superfluous markings have been 
omitted will make his task easy. 

(5) This book is designed for the junior forms 
of secondary schools, in view nf the fact that 
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trigonometry is now given an early place in the 
curriculum. The examples are therefore of a 
simple character; radian measure is postponed t 
the last chapter, and identities and compound 
angles are excluded. We think that an unneces- 
sary amount of space has been devoted t 
logarithms; all modern text-books on arithmeti: 
and algebra contain chapters on this subject, and 
its repetition here is a survival from the times 
when only seven-figure tables were used. Ther 
is a first-rate set of test-papers at the end of th 
book. 

(6) This is a book for the practical engineer, bu 
it contains many problems that might usefully be 
set to the mathematical specialist. No previous 
knowledge of mechanics and only the elements 0! 
algebra are required. After a clear discussion 0! 
resolution and composition, the triangle of forces 
and Bow’s notation, various problems of the crane 
are considered. The graphical theory of moments, 
bending moments, and shearing forces is then 
described, and applications are made to dead and 
rolling loads, symmetrical and unsymmetrical roof 
loadings, wind pressure, walls withstanding 
pressure, centre of gravity and moments of 
inertia. The author has succeeded in compress- 
ing into a comparatively small compass a great 
deal of valuable matter. There is, of course, 
naturally nothing that is original, but the coritents 
are just what the ordinary engineering student 
most needs. 

(7) The purpose of this tract is to advocate the 
introduction of some account of modern views 
upon the foundations of mathematics into 
elementary work. It is claimed that by a judicious 
use of models an insight can be gained fairly 
easily into the root ideas of mathematical philo- 
sophy, and that by a method which involves onl) 
an extension or rearrangement of the practica! 
work now being done at school. The ideas here 
dealt with are correspondence, class, classifica- 
tion, multiplexes, etc. We cannot think this is 
suitable for the ordinary boy: however simple 
the illustrations may be, he will almost certainly 
fail to carry away with him anything he can 
himself regard—and that is in itself of very great 
importance—as real knowledge. 

(8) Every teacher should possess this book; the 
exercises cover the course of arithmetic, algebra, 
geometry, and trigonometry taken by the non- 
specialist, and may be used either for revision or 
to supplement at a first reading the ordinary text- 
book. Some of the sections are headed by a note 
recommending their omission if not required ‘or 
examination purposes. Apart from these, the 
questions are so chosen as to test the intelligence 
of the student, to illustrate the utility of the 
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subject, and exhibit its practical bearing. 
the best collection of mathematical examples we 
have yet met. 


(9) Now that an experimental course of statics | 


has obtained a firm foothold in the school curricu- 


lum, it is possible to introduce boys of no special | 


mathematical talent to certain features of theo- 
retical work. In 
geometry and algebra, nothing more than a know- 


fundamental ideas which make this subject educa- 
tionally valuable. 

The volume before us contains just what is 
needed for work of this character. It opens with 
the use of pulleys and the ideas of work, power, 
velocity-ratio, and efficiency. Then follow simple 
cases of moments and applications to the more 
important machines. In this way the student is 
led at once to see the practical utility of the work, 
and is able by experiment to clarify his conception 
of force, etc. No use is made of the parallelogram 
and triangle of forces until comparatively late in 
the course, and formal bookwork proofs are post- 
poned to the end. The examples are chosen so 
as to illustrate the principles of mechanics rather 
than to test the student’s analytical ability. 

(10) We are glad of this opportunity of direct- 


ing attention to the work that is being done by | 
the London Mathematical Society. All those who | 


are interested in any branch of higher mathe- 
matics, whether they hope or intend to do any 
research work or not, should apply for election. 
Only in this way is it possible for students to 
keep in touch with the trend of modern develop- 
ments when their University days are over. 


OUR BOOKSHELF. 

British Rainfall, 1913. Compiled under the direc- 
tion of H. R. Mill. By R. C. Mossman and 
C. Salter. FF ifty-third annual volume. Pp. 
92+ 384. (London: E. Stanford, Ltd., 1914.) 
Price ios. 

Tus valuable publication is well known to readers 

of NaTURE, having been frequently referred to in 

its columns. The fundamental part of the work 
includes: (1) general tables of total rainfall, and 

(2) observers’ remarks on the weather; these are 

of great interest, and refer mostly to exceptional 

phenomena. The discussion of the data deals 
inter alia. with monthly and seasonal rainfall, 
heavy daily falls, and the relation of the annual 
rainfall to the average. A great rainstorm of 

September 17, which was most intense near Don- 

caster, is illustrated by a coloured plate; the area 

with more than an inch of rain in about fourteen 
hours comprised more than 1300 square miles. 

The rainfall of the year over the whole of the 

British Isles was almost exactly equal to the 
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It is | 


addition to the elements of | 


| fortunately it is not self-supporting ; 
| has to meet considerable deficiencies, consequently 





average of thirty-five years (1875-1909). Ihe ex- 
cess in Wales was g per cent. and in Ireland 7 
per cent. ; elsewhere there was, generally speak- 
ing, a deficiency. The volume includes three 
special articles : (1) an appreciative memoir of the 
late Sir John Murray, who represented Scotland 
on the Board of Trustees of the British Rainfall 
Organisation; (2) the dry summer of 1913—in 
July and August the rainfall deficiency was 60 per 
cent. over the United Kingdom as a whole; (3) 


ledge of the trigonometry of the right-angled | frequency of heavy rains in short periods, 1868— 


triangle is needed for applications of all the | 


1913. the useful work of the organisation is 
dependent upon voluntary contributions, but un- 
the director 
application for Government aid has . become 
necessary. 

Handbook of Photomicrography. By H. Lloyd 
Hind and W. Brough Randles. Pp. xii+292+ 
44 plates. (London: George Routledge and 
Sons, Ltd., n.d.) Price 7s. 6d. net. 


Tuis book gives a useful and adequate account 


| of the theory and practice of photomicrography. 


It is written from the point of view of the be- 
ginner and amateur, and full explanations are 
given of the principles governing the results aimed 
at and of the methods for obtaining these results. 
Photomicrography with the lowest and highest 
powers is dealt with, and wherever possible simple 
and home-made apparatus is described. In addi- 
tion to photomicrography proper, the various 
photographic processes are explained and de- 
scribed, and methods of making lantern slides, 
colour photography, and the preparation and 
mounting of objects are included. The book is 
well produced and profusely illustrated both by 
figures in the text and with forty-four plates, 
several of which are coloured and reproduced 
from direct colour photographs. The plates 


| illustrate very well the different results that can 


| be obtained with different 


methods of illumina- 


| tion, various objectives and varying adjustments. 


We believe that Messrs. Hind and Randle’s hand- 


| book will be found a very useful work on the 
| subject of photomicrography. 





‘ 


The Microscopy of Drinking Water. By Prof. 
G. C. Whipple. Third edition, rewritten and 
enlarged. Pp xxi+409+xix coloured plates. 
(New York: J. Wiley and Sons, Inc. ; London: 
Chapman and Hall, Ltd., 1914.) —_ Price 17s. net. 

WE are glad to welcome the third edition of this 

valuable book. Since the first edition was issued 

in 1880 an enormous amount of work has been 
devoted to the study of the microscopic organisms 
in water, and the increase in size of the present 
edition bears witness to this. The mystery of the 
comings and goings of various groups of alge 
and protozoa in our lakes and reservoirs still, 
however, remains unsolved. From the practical 
side much progress has been made in the artificial 
means of controlling Plankton growths and the 
purification of waters containing them. 

The first part of the book has been almost re- 
written, and contains chapters on copper treat- 
ment for eradication of alge, the soil-stripping of 
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reservoir sites and the use of the microscope and 
photomicrography. The latter portion of the book, 
containing descriptions of various groups of 
water-organisms, has also been revised, and the 
plates showing the commoner organisms of water 
have been printed in colours, making identification 
easier. 

The book is one which should find a place in 
every bacteriological and public health laboratory 
and in the office of the water-engineer. 

R. T. Hew err. 


LETTERS TO THE EDITOR. 

[The Editor does not hold himself responsible for 
opinions expressed by his correspondents. Neither 
can he undertake to return, or to correspond with 
the writers of, rejected manuscripts intended for 
this or any other part of Nature. No notice is 
taken of anonymous communications. ] 


Micromillimetres and Micromicrons. 

Ir is very desirable that men of science should 
adhere to the conventions which have been established 
with regard to the use of the terms employed for units 
in the metric system. It has been generally agreed 
that the prefixes mega- and micro- should indicate the 
multiplication and division respectively by a million of 
the unit expressed by the term they precede. In this 
way a micrometre usually shortened to micron, means 
a millionth part of a metre, or, in other words, a 
thousandth of a millimetre; and a micromillimetre 
signifies a millionth part of a millimetre, or, what is 
the same thing, a thousandth part of a micron. It is, 
therefore, to be regretted that in the translation, pub- 
lished in Geneva, by L. Dupare and Vera de Dervies, 
of Nikitin’s excellent account of Fedorov’s “ universal ”’ 
method of microscopical mineral research we find the 
term micromicron employed in place of micromilli- 
metre. The former term should mean a millionth 
part of a micron—that is to say, a metrex1o-™, a 
unit that might be usefully employed in expressing 
intermolecular or interatomic distances in crystals, 
which we are now at last in a position to determine 
in many cases. Joun W. Evans. 

‘mperial College of Science, South Kensington, 

September 3. 


Grigin of Species. 

In Darwin’s great work on this subject he claims 
that Dean Herbert, in 1822 and 1837, held that ‘‘ single 
species of each genus were created in an originally 
highly plastic condition, and that these have produced, 
chiefly by intercrossing, but likewise by variation, all 
our existing species.” 

Years of study along this line have assured me that 
he was right. I am now especially interested as I 
have a few trees on hand which seem to prove this 
position. They are a cross between Quercus and 
Juglans, which bears wainut-like nuts on a tree which 
bears oak-like leaves: at least a new species and per- 
haps a new genus. If this tree had been found in the 
forest it would have caused no remarks, but originat- 
ing in the garden it has become the wonder of the 
world. Here is an oak tree in appearance which 
bears perfect walnuts, all originated in one year and 
fairly productive and fixed. 

This tree gives me further evidence of the fact 
that all sexual life known to us, both animal and 
vegetable, has sprung from hybrids. 

Newton B. Pierce. 

Pacific Coast Laboratory and Wild Plant Improve- 

ment Gardens, Santa Ana, California. 
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LECTURES ON THE ANIMAL KINGDOM 
BY LINNAUS.} 
:* is probable that most modern zoologists, 
when unfamiliar with the Scandinavian 
tongues, know little of the zoological writings of 
Linneus beyond the “Systema Nature,” and 
that from this restricted evidence they draw the 
natural but entirely erroneous conclusion that, 
considered as a zoologist, Linnzus was little more 
than a methodical compiler, classifier, and name- 
giver. If, moreover, the modern zoologist is not 
so well acquainted with the history of his science 
as he should be, he is apt to seize rather on the 
defects, or even absurdities, in the “Systema” 
as compared with his own knowledge, and to 
ignore the real advances made by the great Swede 
over the attempts of his predecessors. There are, 
as we have hinted, many writings by Linnzus that 
prove the falsity of such opinions, and now an- 
other has just been issued by the University ot 
Uppsala which enables one to read between the 
lines of the “Systema,” and to realise the wide 
zoological knowledge and still more the philo- 
sophy and humanity on which it is based. Th« 
volume consists of a complete course of lectures 
on the animal kingdom, delivered by Linnzus 
between 1748 and 1752, and collected from thx 
notes made by various pupils, of which more than 
forty manuscripts are preserved in the university 
library. The collation of these manuscripts was 
begun by the late Dr. M. B. Swederus, and has 
been completed by Dr. Einar Lénnberg, with the 
help of Miss Greta Ekeléf. The lectures are 
followed by a detailed commentary and by short 
accounts of 123 authors quoted by Linnzus; these 
two parts are by Dr. Lénnberg, who has availed 
himself of the help of various colleagues, living 
and dead. 

And now of Linnzus as a lecturer, what may 
we think? Approaching him at second-hand, and 
without the magic of his enthusiastic presence, 
we yet see how he infused a living and practical 
interest into what might so easily have been a 
dry catalogue of species. An undergraduate’s 
notebook omits much that the writer does not con- 
sider essential, the humorous asides, the occa- 
sional divagations, the purple patches; but the 
students of Uppsala realised that they listened to 
no ordinary man, and it is clear that much has 
been taken down verbatim. Certainly, that must 
be the case with the stately Prolegomena, which 
we should like to have translated in full, but must 
at least make some attempt to abstract :— 

Generation after generation of earthly creatures 
comes into being only to pass into nothingness. 
And yet, though fashioned only for vanity, each 
creature struggles to preserve its life; one preys 
upon another so that nature is a bellum omnium 
perpetuum in omnes, and of all creatures man !s 
most inhuman. And yet man, with his works 0! 
wisdom, his castles and towers, comes only to 
dust. What is the object of so vain a contriv- 
ance? The answer is given by natural history. 


1 Linnés Forelisningar dfver Djurriket, med understéd af Svenska Staten 
for Uppsala Universitet utgifna och forsedda med forklarande anmarkninga! 
af Einar Linnberg. (Uppsala, 1913.) 
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Particles of stone build up the mountains, and 
these, again, break down into stones and sand. 
But on this live the plants, each springing from 
a tiny seed, and growing from mould, with a 
little water and air, to such a wonder-work as all 
the artists of the world cannot rival. They 
bloom and seed and perish, but meanwhile they 
shelter and give food to all kinds of animals. 
And the animals, they too spring each from a 
little seed; and earth, air, and water are com- 
pounded to form that masterpiece which every 
animal is. Yet the animals feed, not on mould, 
but on the plants; and all animals in their turn 
serve the needs, the nourishment, or the pleasure 
of mankind. And so comes the conclusion: all 
is fashioned for the sake of man. Earth, herb, 


beast, and man; further the metamorphosis can- | 


not go. But why is this great world created for 
man? Is not he, too, a thing of naught? What 
mighty attributes has he? This, this is his 
peculiar property: that not only can he see, hear, 
smell, taste, feel things, but that he can also 
contemplate the marvellous construction of all 
natural bodies, fathom their peculiar qualities, 
and reason therefrom to their high and skilful 
Master. 

Love of life forces every creature to seek the 
necessaries of life. Man goes out with the rest, 
and so he must note and admire the work of the 
Creator. Some rich men, indeed, with all needs 
ready supplied, are little better than savages who 
sit in the sun and let fruit drop into their mouths; 
but the poor, who must earn food with toil and 
sweat, learn better to thank God therefor. 

The true inquirer into nature’s works must 
observe with accurate attention, seek out origins, 
follow generation and growth, unravel use and 
harm, and finally note change and decay. He 
looks not on the rowan-berry with the eyes of the 
raven, tastes not the herbs with the tongue of an 


ox, nor sports with doves after the manner of | 
Not hastily, not upon one or even | 


the hawk. 
upon many journeys, but ceaselessly and diligently 
must the inquirer mark and ponder on the natures 
and causes of things, on their relations both to 


themselves and to their surroundings, seeing that | 


no natural thing lives or dies to itself alone. 


Some object that natural history is but a heap 
of useless names. True, to know a heap of names 
and nothing more is no learning. But it were as 
easy to become a scholar without the alphabet, as 
a naturalist without names. Describe me a thing 
precisely as you will, I can make no use of it 
without a name; only by names can such know- 
ledge be passed on, since the object cannot always 
accompany the description. Names are the 
alphabet of natural knowledge; and that is a true 
science, one that should be taught in all schools 


for the sake of its practical service to our ; 
: | 300-600 deaths annually, was last year responsible for 

| fewer than twenty deaths, 93 per cent. of the men 

Throughout the course the points here em- | 


country. ... 


phasised find abundant illustration, and often 
throw a curious light on the customs, the rural 
economy, the medicine, and the philosophy of the 
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day. It would have been easy to pick out some 
delicious plums, but it seemed better to give, so 
far as might be in the words of Linnzus himself, 
the principles that guided him, and may still 
inspire us, in the illimitable study of nature. 

F. A. B. 


NOTES. 

A Girt of 20,0001. has been promised to London 
Hospital by Mrs. E. S. Paterson for cardiac research 
work. 

Once again the Arctic claims its toll. The Times 
correspondent at Petrograd (St. Petersburg) reports 
that Lieut. Sedoff, the leader of a Russian attempt 


| on the north pole, was taken ill at Hooker Island, 


Franz Josef Land, in September, 1913. The party was 
in dire straits in winter quarters, as the coal was all 
burnt and even parts of the ship were used for fuel. 
During February, 1914, a dash was made polewards; 
but, in March, Lieut. Sedoff, who had not recovered 
from his illness, died between Franz Josef Land and 
Rudolf Island. He had set out accompanied by two 
sailors and twenty-four dogs. The sailors buried the 
body, abandoned the dogs, and returned. The Foka, 
Sedoff’s ship, had previously, in August, 1913, been 
useful in the rescue of two members of the Brousiloff 
Expedition. M. Brousiloff, with half the expedition, 
is reported still in his ship, the St. Anna, hoping that 
the current will carry the ship north of Spitsbergen, 
so that he can break through southwards. In conse- 
quence of the privations they had endured on the 
voyage from the Kara Sea, eleven members of the 
expedition left the ship; of these all perished but the 
two rescued by the Foka. 


Tue Board of Agriculture and Fisheries has received 
the following from the Agricultural Consultative Com- 
mittee :—Milk-sellers or others who have a surplus of 
milk to dispose of are strongly urged to take steps 
to have it converted into cheese either in their own 
dairies or cooperatively. This method of dealing with 
surplus milk beyond what is required for immediate 
consumption will not only be found more remunerative 
than separating the milk and making the cream into 
butter, but will also be a useful means of contributing 
to the conservation of the food supply of the nation. 


| The types of cheeses most suitable for manufacture 


in the circumstances are Cheddar, Cheshire, Derby, 
Leicester, and Gloucester, or such other varieties as 
do not deteriorate under reasonably prolonged storage. 


In the medical papers and in the Times the value 
of, and necessity for, anti-typhoid vaccination for all 
branches of the Army have been urged by Sir William 
Osler, Sir Lauder Brunton, and Sir William Leish- 
man. Figures quoted by Sir William Leishman are 
eloquent as to the efficiency of the vaccination for the 
prevention of typhoid fever: in India, where formerly 
this disease among the British garrison cost us from 


now being inoculated. Large supplies of the vaccine 
have been prepared at the Royal Army Medical Col- 
lege, while the department for therapeutic inoculation, 
St. Mary’s Hospital, Paddington, has furnished nearly 
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280,000 doses of the vaccine for the use of the Army. 
Sir Almroth Wright, the author of anti-typhoid inocu- 
lation, points out in the Times that it is already com- 
pulsory in the French and American Armies, and he 
urges that’ it should now be made so also in the 
British Army. He states also that 180,000 doses of an 
‘*anti-sepsis ’? vaccine have been supplied to our Army 
and Navy, and also to the French military hospitals 
during the past three weeks. It is believed that this 
vaccine will be of great value in protecting our Army 
from bacterial infection of wounds. 


A summary of the weather for the past summer as 
comprised in the thirteen weeks ending August 29 has 
been given by the Meteorological Office for all dis- 
tricts of the United Kingdom. The mean temperature 
for the summer is above the average in all parts of 
the British Isles. The excess is greatest in the north 
of Scotland and in the north and north-east of Eng- 
land, where it amounts to about 1-5°, and in the east 
and west of Scotland, the midland counties, and the 
north-west of England the excess is 1°. In the 
Channel Islands the excess of temperature is very 
trifling. The south-east of England is the only dis- 
trict in which the highest temperature has reached 90°. | 
The aggregate rainfall for the summer varies con- 
siderably in different districts of the United Kingdom. 
The highest excess of the summer fall is 125 per cent. 
of the average in the south-west of England, in the 
north-east of England, and in the midland counties the 
fall is 112 per cent. of the average, and the Channel 
Islands is the only other district with an excess, with 
107 per cent. of the average. In the north of Scotland 
the rainfall is only 71 per cent. of the average, and 
78 per cent. in the west of Scotland and in the east 
of England. In the south-east of England the summer 
fall is 88 per cent. of the average. The duration of 
bright sunshine is generally in excess of the average. 


Pror. O. SCHLAGINHAUFEN reviews the pygmy ques- 
tion in New Guinea in the Festschrift der Dozenten 
der Universitat Ziirich, 1914, and in Melanesia in the 
Arch, Suisses d’Anthrop., Geneva. 1914. He comes 
to the conclusion that in Melanesia we know of only 
one group which can be called pure pygmy, the 
Tapiro of West Netherlands, New Guinea, with a 
mean stature of 144-9 cm., described by Wollaston 
and Rawling. Then come four tribes, the Kamaweka 
of the Mekeo district, British New Guinea, noted by 
Seligmann, the Goliath group of Netherlands New 
Guinea, described by van den Broek, the Torricelli 
group, and Kai of German New Guinea, described 
by himself and Péch respectively, all with a mean 
somewhere about 150 cm. These are often regarded 
as a mixture between true pygmies and tall varieties, | 
but there is no proof of this. These five tribes in- 
habit the hilly interior. For all groups studied in 
New Guinea the general rule holds good that stature 
increases from inland to the coast, and the cephalic 
index (with some exceptions) decreases. The author 
holds that this association points to these being less 
racial characters than functions of geographical con- 
trol. Dolichocephalism combined with low stature 
has not yet been observed in New Guinea or the 
Bismarck Archipelago. No distinct group of pygmies 
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| or the Solomon Islands, 
| occur sporadically. The author gives an interesting 


| for September. 
, would have been better if the interior had been refitted 


| the new Zealand Institute (Proc., vol. 
| Chilton paid a well-deserved tribute to the services 


| director. 
' dent directed attention to the unsatisfactory housing 
| of the valuable specimens and the library of the 


have been found as yet in the Bismarck Archipelago 
though very short people 


coloured map showing the distributions of stature in 


| New Guinea and the Bismarck Archipelago. 


AN illustrated account of a sixteenth-century building 
at West Hoathly, Sussex, known as the Priest House, 
which has been restored and fitted up as a museum 
by Mr. Godwin King, appears in the Museums Journal 
Admirable as is the restoration, it 


according to the original plan. This, it is suggested, 
may, however, be indicated in a miniature model ot 


the building. 


In his presidential address at the annual meeting ot 
xIvi.), Dr. C. 


rendered by the late Augustus Hamilton to that body, 
and also to the Dominion Museum, of which he was 
In a later part of the address the presi- 


| Institute in the Dominion Museum. The majority oi 
the specimens in portions of the collection—especially 
| the examples of Maori workmanship and art—are 
irreplaceable, ‘‘ yet they are still housed in a wooden 
building that is almost falling to pieces through age, 
and the greater part of which has been declared to bs 
insanitary for human beings.” 


In vol. iii., part 3, of Records of the W. Australian 
Museum, Mr. L. Glauert gives an account of new 
discoveries of mammalian remains in the so-called 
mammoth cave. The most interesting of these per- 
| tain to a big echidna, believed to have been doubl 
| the size of the living Australian Echidna aculeata, 
| and also exceeding in size any of the previousl\ 
| described extinct forms, one of which has been re- 
| ferred to the genus Zaglossus, or Proechidna, now 
| confined to New Guinea. The new specimens are, 
| however, considered to represent a still larger species, 
| for which the name Zaglossus hacketti is proposed. 

In recording remains of the Tasmanian wolf and 
| Tasmanian devil from the same cavern, Mr. Glauert 

incidentally mentions that an apparently wild in- 

dividual of the latter species was killed near Melbourn: 
| in IgI2, 





In an admirably thought-out article on th 
| osteology of Permian reptiles, in No. 8 of vol. i. 
of Contributions from Walker Museum, published 
in this country by the Cambridge University Press 
| as agents for the University of Chicago Press 
| Mr. S. W. Williston gives certain very cogent reason 
for deposing the New Zealand tuatera (Getnenodon 
from its hitherto undisputed position as one of the mos 
| primitive reptiles with which we are acquainted. .\- 
| the result of an elaborate study of the skeleton of t! 
| lizard-like Arzoscelis from the Permian of Texas, th 
| author has come to the conclusion that in the earlies: 
reptiles it is much more probable that the bony skul!- 
roof inherited from the stegocephalian amphibiai 
should have been perforated only once, rather tha 
| twice, on each side, and consequently that the tw 
bony temporal arcades of the tuatera represent a mor! 
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specialised type than does the single one of lizards. 
{nd when once the matter is put before us in this 
straightforward manner, we can scarcely refrain from 
wondering why we never thought of it before. Arzo- 
scelis, in which there is certainly but a single arcade, 
is regarded by the author as the typical representative 
of a group—Arzoscelidia—which shall include the 


| 
| 
| 
| 


| logical Observatory as follows :—(1) 


European Permian genera, Protorosaurus and Kadalio- | 


saurus, and the position of which should be next the 
Squamata (lizards and snakes). Ichthyosaurs, which 
never possessed a lower temporal vacuity, and are 
evidently a primitive group, are not improbably more 
or less nearly related to the Arzoscelida. Palzo- 
hatteria, on the other hand, which has long been 
associated with the European representatives of the 
last-named group, is in every essential character near 
akin to the Pelycosauria, in which it should typify a 
special family. 

Mr. JaMes Ritcuiez, of the Royal Scottish Museum, 
has published a short but interesting paper on the 
fauna of a deep coal-pit in Midlothian. None of the 
animals show any indication of bleaching or blindness, 
and it is evident that all must have been artificially 
introduced, to a great extent, with the timber used 
as props. The only springtail in the list is Tomocerus 


i ies stantly found | : ne iee 
en, SE TO eee Be Ne Seay | Daily Weather Report, which is due largely to sub- 


in caves, but none of the characteristic white, blind 
cave-insects of the order Collembola were discovered 
in the coal-pit. 


Tue valuable series of ‘‘L.M.B.C. Memoirs”’ pub- 
lished by the Liverpool Marine Biology Committee 
has reached No. xxii., in which Mr. Herbert C. 
Chadwick, of the Port Erin station, describes the 
Echinoderm larve taken by tow-netting in the neigh- 
bouring waters. Most of the larvz described are 
ophiuroid or echinoid plutei, the young stages of 
asteroids and holothurcids being unexpectedly scarce. 
The memoir is illustrated with nine-plates of excellent 
structural figures. 


Dr. G. K. GiLpert, with the aid of Mr. E. C. 
Murphy, has made a characteristically thoughtful 
study of ‘‘The Transportation of Débris by Running 
Water’? (U.S. Geol. Survey, Professional Paper 86, 
1914). Working with an experimental trough some 
30 ft. in length, which could be adjusted at various 
slopes, and another trough, 150 ft. in length, which 


the quantity of material of known grade carried for- 
ward by traction on a bed built up of similar grains 
and moulded by the flow. Such a bed represents the 
conditions that occur in nature, and ‘‘the material 
of the load is derived from and returned to the bed,” 
in contrast with movement in “flume transportation,” 
where the artificial channel has a rigid floor. ‘‘ Salta- 
tion,”’ where a particle is caught in an ascending 
swirl and shot forward for a time freely above the 
bed, plays an important part in transportation; and 
a particle “tin suspension’? may be regarded as 
making a very long leap of this kind. The present 
work, which does full justice to the complex pheno- 
mena, is concerned with traction and not with sus- 
pension. 
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Detaits of severe shocks in the earthquake belt 
extending from Sumatra to New Guinea and the 
Carolines are published (in Japanese) in the Journal of 
the Meteorological Society of Japan for July, 1914. 
Two such earthquakes have occurred so far this year, 
details of which were recorded at the Osaka Seismo- 
April 12, at 
th. preliminary tremor lasting 


39m. a.m. ; 


41s 


| 7m. 22s., principal shock, 6m. os.; maximum ampli- 








| at the cost of postage. 


| atically treated. 
| pupils 
| modern meteorology, and a student who could satis- 
| factorily reply to the majority of them might claim 


tude, E.-W. movement at rh. 57m. 5s., 632 microns, 
period 20:2s.; S.-_N. movement at rh. 58m. 1s., 747 
microns, period 21-6s.; total duration of Shock, E.-W. 
2h. 11m., S.-N. 2h. 14m.; located near Gilbert 
Island, east of New Guinea. (2) May 26, at 11h. 29m. 
56s. p.m.; preliminary tremor lasting 5m. 53s., prin- 
cipal shock, 3m. 4s.; maximum amplitude, E.-W. 
movement at 11h. 47m. 8s., 2187 microns, period 23-0s. ; 
S.-N. movement at 11th. 50m. 41s., 4305 microns, 


| period 20-8s. ; total duration of shock, E.-W., 3h. 29m., 


S.-N., 3h. 33m.; located near Celebes. Nine earth- 
ee Id 
quakes of a similar or greater magnitude than the 


| latter, it is notea, have occurred in the same region 


since 1907, the intervals separating them showing a 


gradual diminution in length. 


In the last report of the Meteorological Committee 
mention was made of the increase in the sale of the 


scriptions from schools; for some years past back 
copies have been supplied for educational purposes 
A notable case of the use 
that may be made of these charts and other Meteoro- 
logical Office publications is explained by Mr. W. E. 
Whitehouse, assistant lecturer in physical geography 


| at Aberystwyth University College, in a pamphlet 
| entitled ‘‘Suggestions for a Course in Climatology 
| in Correlation with Geography,’’ by means of which 


‘‘a vital section’? of the latter can be more system- 
The large number of questions for 


cover most of the ground included under 


to be well equipped in meteorological science. A 
useful bibliography has also been prepared in graded 
sections for the use of teachers and others. The 
pamphlet is prefaced by a very interesting intro- 
duction by Dr. Shaw; while fully recognising the 
practical and educational utility of the suggestions, 


. | he thinks (as we do) that the author is “very liberal 
was kept horizontal, measurements were made of | . ey ‘ : 
| in his interpretation of the scope of the science of 


climatology.” 


In connection with the Canadian National Exhibi 
tion which has been opened at Toronto, the Imperial 


| Department of Agriculture for the West Indies has 


issued an illustrated handbook under the title, ‘‘ The 
West Indies in Canada,” showing the main features 
of the industrial and trade relations of the West 
Indies, the nature of recent agricultural developments, 
and a description of the principal products of the 
islands. From this handbook it appears that Citrus 
planting is being rapidly extended in British Guiana 
and St. Lucia, tea is being planted in Jamaica, and 
cigars are now exported from Jamaica in considerable 
quantity. An interesting minor product is papaw, a 
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pleasant table fruit derived from Carica papaya, which 
is grown in Montserrat, and serves as a source of 
papain, a digestive ferment the demand for which is 
rapidly growing, especially in Canada, and the United 
States. The cultivation of rice is also being greatly 
developed in Trinidad and British Guiana. 


In the April number of the Astrophysical Journal 
Dr. Wali-Mohammad, of Aligarh College, India, de- 
scribed the results of his investigation of the degree 
of complexity of the spectral lines of aluminium, bis- 
muth, cadmium, chromium, cobalt, copper, lead, mag- 
nesium, manganese, silver, sodium, tin and tellurium. 
As source of light he used a Wehnelt tube in which 
the kathode consisted of a platinum foil covered with 
oxides of barium and calcium, and the anode of the 
metal to be investigated contained in a porcelain tube. 
A potential difference of 200 volts was maintained 
between the anode and the red hot kathode. The 
tube was water-cooled and the pressure within it less 
than oor mm. cf mercury. The light passed out of 
the tube through a glass window at the top and was 
received by a Hilger echelon grating of 35 plates. 
The spectra were photographed on a series of plates 
each suitable for a part of the spectrum. The author 
found that few of the metals possessed complex lines, 
and of those that did copper, lead, and manganese had 
lines of similar structure. In nearly all cases the 
structure shown by the echelon agreed with that found 
previously by crossed Lummer plates. 


In the domain of electro-chemistry the greatest 


commercial developments recently have been in the 
utilisation of nitrogen from the atmosphere for the 
manufacture of nitrogen products. It is only since 
electrical power has been obtainable in large amount 
at exceptionally low cost that the operations have 
been carried out profitably on a commercial basis. 
Probably the most interesting of the processes for the 
fixation of atmospheric nitrogen is that in which 
calcium carbide is employed as the medium for the 
production of calcium cyanamide. We learn from 
Engineering for August 28 that the Odda works in 
Norway are now producing 85,000 tons of calcium 
carbide and 80,000 tons of calcium cyanamide per 
annum, a result due largely to the admirable 
mechanical appliances in use. The electric power 
available at Odda will soon be increased to 125,000 
horse-power, and the carbide and cyanamide factories 
will be further enlarged. The Nitrogen Products 
and Carbide Company have acquired water-fall rights 
in Norway and Iceland which will enable a total of 
about one million horse-power to be generated—suffi- 
cient for the production of nearly two million tons of 
cyanamide per annum. It may be noted that the use 
of cyanamide as a fertiliser is increasing rapidly. 


Tue Carnegie Institution of Washington has pub- 
lished the second volume of the ‘‘ Guide to the Mate- 
rials for American History, to 1783, in the Public 
Record Office of Great Britain.’ This part contains 
departmental and miscellaneous papers, and is by Prof. 
C. M. Andrews, Farnam professor of American history 
in Yale University. The scope of the work and the 
method of treatment were explained when attention 
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was directed to the publication of the first volume. 
The new part runs to 427 pages, and deals with papers 
of the Admiralty, the Lord Chamberlain, Custom 
House, Treasury, War Office, High Court of Admir- 


| alty, and other departments. 


OUR ASTRONOMICAL COLUMN. 


Comet 1913f (DeLavaAn).—The following short 
ephemeris gives the positions of Delavan’s comet 
(1913f) for the current month :— 

Greenwich Midnight. 
R. A. Dec. 
hm s&s ‘ , 
9 835 «++ +49 56 
to $ 6 .. 49 §1 
11 933 ++ 47 50 

The comet is now in the constellation of Ursa Major, 
and is not far from the two third magnitude stars « 
ands. On clear nights it is a conspicuous object in 
the northern heavens, and is easily picked up from 
the rough chart given in this column for last week. 
It is gradually becoming brighter, but the occurrenc: 
of bright moonlight during the last week has made 
observations somewhat difficult. 


September 


Tue Recent Ecwips—E Expepitions.—Further new- 
is to hand regarding some of the observers who went 
out to observe the total eclipse of the sun. Th 
Morning Post of September 3 gives some information 
about the party from the Royal Observatory, Green- 
wich, through Mr. Hepburn. Mr. Hepburn accom- 
panied this party as a volunteer assistant to Minsk, in 
Russia, and they observed the eclipse under satisfac- 
tory conditions. He left there on the Sunday afte 
the eclipse, but while most of the plates exposed wer 
then not developed, one that was developed showed 
the spectrum of the chromosphere. Mr. Hepburn 
arrived in England on September 1 vid Finland, Nor- 
way, and the North Sea, and he expected the official 
members of the party to be home on about Septem- 
ber 6. It is stated that the instruments will be sent 
to the Russian Imperial Observatory at Pulkovo, 
where Prof. Backlund, the director, has arranged to 
keep them pending a favourable opportunity to return 
them to Greenwich. Mr. R. C. Slater had arranged 
to go to Riga (Russia) to make his observations, and 
sent his instruments there direct. He found, accord- 
ing to the Times of August 31, that he was unable to 
cross the Baltic. Having with him only a 4-in. lens 
he rigged up a camera and made his observations at 
Str6msum, in Sweden. With this he was successful, 
and he is recorded to have brought back with him 
excellent photographs of the corona. 


THe Mrrrors Or THE HeEtwan KuHeEDIviaL Ob- 
SERVATORY.—Bulletin No. 12 of the Khedivial Ob- 
servatory at Helwan is devoted to accounts of tl 
photographic tests of the figures of the new and cld 
thirty-inch mirrors by Messrs. Walter S. Adams and 
H. Knox-Shaw respectively. The new mirror, the 
gift of Mr. Astor, was figured by Mr. Ritchey at 
Pasadena, and the method of testing was that of 
Hartmann. In the first tests a small amount of 
astigmatism was indicated in the zones along the 0° 
and go° diameters, but none along the 45° and 135° 
diameters, or, in other words, the figure of revolution 
of the mirror was fairly good. A comparison of the 
computed and observed values of the focal lengths 0! 
the zones showed that the central zones were still 
greatly undercorrected. Further work in the mirror 
by Mr. Ritchey has greatly improved it, and a second 
series of tests has indicated that the agreement of the 





sec 
1SO 


pai 


by 
the 
Th 
the 
ter’ 
my 
last 
cati 
The 
of 
mai 
T 
the 
and 
dius 
2190 
sent 
bein 
posi 
Cruc 
and 
thirc 
Mon 
at | 
I: 3 
Will 
proc 
best 
Gent 
Drat 
Alchi 
son ' 
land, 
appr 
show 
Ther 
plant 
1N, 


vol. xv 


SEPTEMBER 10, 1914] 


observed with the theoretical figure is remarkably close ; 
in fact Mr. Adams states that “the mirror may accord- 
ingly be regarded as essentially perfect to within the 
limit defined in this way.” A similar set of tests 
made by Mr. Knox-Shaw on the old thirty-inch Com- 
mon mirror in situ in the telescope. He found that 
the mirror was uncorrected by about twice as much as 
was the Ritchey mirror at the time of the first series 
of tests mentioned above. From tests of the astig- 
matism he concludes that the position of the telescope 
has an appreciable effect on the figure of the mirror 
as has been suspected to be the case. 


PLANT-LIFE AT THE SNOW-LINE.} 
Me: JOSIAS BRAUN’S exhaustive account of the 
I vegetation at the snow-line in the south-eastern 





NATURE 


| 
| 
| 


39 





families Composite, Primulacez, Gentianacez, and 
Leguminosz are more richly represented. 

The author groups the snow-flora of this district of 
the Alps under five main headings: (1) an endemic- 
Alpine element, peculiar to the Alps, comprising 
twenty-nine species (13 per cent.); (2) a European- 
Alpine element with ninety-five species (42-4 per cent.) ; 
(3) a Eurasiatic element with fourteen species (6:2 per 


/ cent.), which occur also in Central Asia, but do not 


(Rhztian-Lepontine) Alps forms a valuable contribu- | 


tion to our knowledge of the plant-ecology of the 
Swiss Alps. The area includes, roughly speaking, 
the country from the St. Gothard to the Engadine. The 
text consists of two parts. The first is a consideration 
of the vegetation in relation to external conditions, 
with a detailed description of the plant-associations. 
The zone under consideration is defined as that in 
which the summer heat just suffices to melt the annual 
heavy snow-fall on level areas; its altitude ranges 
from 2960 metres on the Bernina chain to 2650 metres 
in the St. Gothard group. It lies above the region 
of close turf, and forms a part of the open rock re- 
gion. Within it the author distinguishes three 
secondary zones: (1) the ‘ Pionierrasengurtel,”’ the 
isolated outposts, so to say, of the turf-flora, forming 
patches in wind-sheltered places or on sunny spots; 
(2) the ‘‘ Dicotyledonous zone,’’ characterised mainly 
by cushion-forming Dicotyledonous plants; and (3) 
the ‘*Thallophyte-zone”’ of rock-inhabiting lichens. 
The principal natural formations in the first zone are 
the Curvuletum, of which Carex curvula is a charac- 
teristic component, and the Elynetum, in which Elyna 
myosuroides predominates. Here, too, are found the 
last traces of the influence of man and his domesti- 
cated animals, indicated by luxuriance of Poa alpina. 
The last chapter of the first part deals with the fauna 
of the area, which comprises ninety-one species, 
mainly insects and spiders. 3 

The second part comprises a systematic account of 
the flora. This includes two ferns, Cystopteris fragilis 
and Asplenium viride, Botrychium !unaria, Lycopo- 
dium selago, Juniperus communis var. montana, and 
219 angiospermous flowering plants. The latter repre- 
sent twenty-nine families, those most in evidence 
being, in order of numerical preponderance., Com- 
posite, Graminez, Caryophyllacee, Saxifragacez, 
Crucifere, Rosacee, Leguminose, Gentianacee, 
and Primulacew, which together contain  two- 
thirds of the whole flora. The proportion of 
Monocotyledons to Dicotyledons is slightly less than 
at lower levels, namely, 1: 4:3 as compared with 
1:36. There are nine woody plants: Juniper, three 
Willows, Empetrum nigrum, Loiseleuria (Azalea) 
procumbens, and three species of Vaccinium. The 
best represented genera are Saxifraga, sixteen species; 
Gentiana, ten species; Carex, nine species; Festuca, 
Draba, and Cerastium, each with six species; and 
Alchemilla and Primula each with five. A compari- 
son with the Arctic flora of the west coast of Green- 
land, between N. lat. 69° and 71°, which contains 
approximately the same number of flowering plants, 
shows considerable agreement between the _ two. 
There is, however, a much greater proportion of marsh 
plants in the Arctic flora, while in the Alpine the 


1 Nonveaux Mémoires de la Société Helvétique des Sciences Naturelles, 
vol. xviii. Pp. vii+347+map+4 plates. 
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reach the polar circle; (4) an Arctic-Alpine element 
with seventy one species (31-7 per cent.); (5) a ubiqui- 
tous element, fifteen species (6-7 per cent.), of more 
widely distributed plants in lower levels. 


RECENT WORK ON ENTOMOLOGY. 


HE American representatives of the minute homo- 
pterous insects commonly known as jumping 


| plant-lice (Psylliidz) form the subject of an elaborate 


memoir by Mr. D. L. Crawford, published as Bulletin 


| No. 85 (168 pp.) of the U.S. National Museum. These 


| eating beetle from Formosa. 





widely-spread insects frequent trees and shrubs, where, 
from their active habits, they are difficult to capture 
without the aid of a net. When disturbed, they throw 
themselves into the air by means of their powerful 
hind-legs, and when once launched, are able to propel 
themselves some considerable distance by rapidly 
vibrating the wings, although they are not endowed 
with the power of prolonged flight. 

Mr. Crawford found the current classification of the 
group—largely based on wing-venation—to be alto- 
gether untrustworthy, closely related species being in 
many instances placed in different genera. A more 
satisfactory basis for classification is afforded by the 
structure of the head; and from this and other features 
the author proposes a new taxonomic scheme, with the 
description of many new species. 

Cicalas and other Homoptera collected during the 
second expedition of the Duke Adolf Friedrich of 
Mecklenburg are described by Dr. L. Melichar in 
Lief. 5 of Band i. of Ergebnisse der Zweiten Deutschen 
Zentral-Afrika-Expedition, 1910-11. The collection in- 
cluded 184 specimens, referable to 65 species, of which 
18 appeared to be new, some of these likewise repre- 
senting three new genera types. 

In the first article of Lief. 4 of the publication just 
quoted, Prof. Y. Sjéstedt records the white ants 
observed and obtained during the expedition. Special 
interest attaches to photographs of the interior of a 
nest of Termites natalensis, showing, not only a 
“ fungus-garden,” but also the royal cells, of which 
one contains the monstrous, overgrown queen, and a 


| second, in close proximity, the diminutive king. 


In connection with the above may be noticed the 
description, by Mr. S. Hozawa, in Annot. Zool. Japon, 
vol. viii., parts 3 and 4, of a new species of termite- 
It belongs to the tene- 
brionid genus, Zielas, previously known only by a 
single species from Annam, of which the habits have 
not been observed, although, from its affinity to 
termitophilous genera, it has been assumed to feed 
on white ants. The elongated eyes, degenerate hind- 
wings, and sluggish movements of the Formosan 
species are doubtless connected with its mode of life. 

Three issues of the Journal of the College of Agri- 
culture, Tohoku Imperial University, Sapporo, 
Japan, are to hand, two of which (vol. v., parts 6 
and 7) are devoted to various groups of Japanese 
insects, with descriptions of a number of new species 
and genera, while the third (vol. vi., part 1) contains 
further obse:vations on reduplication in silkworms. 

Pine timber in a district in Montana, between the 


.Swan and Clearwater rivers, is seriously menaced by 
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the larve of the sequoia pitch-moth (Vespamima 
sequoiae). According to a leaflet by Mr. J. Brunner, 
issued as Bulletin No. 111 of the U.S. Department 
of Agriculture, it specially attacks the so-called lodge- 
pole pine, in which it propagates; other trees in the 
vicinity of those attacked are endangered by the 
forest-fires fed by the timber killed by the larve. 
Destruction of the larva themselves seems the only 
efficient preventive of the infestation. 

Experiments recently undertaken in the United 
States, as recorded by Mr. B. R. Cond, in vol. ii., 
No. 3, of the Journal of Agricultural Research, have 
shown that the larvz of the boll-weevil (Anthorromus 
gravelis) can and do feed on plants other than cotton, 
as, for example, on Hibiscus syriacus. 

The Board of Agriculture has issued a_ leaflet 
(No. 286) on the two species of narcissus-flies, Merodon 
equestris and Eumerus strigatus, the grubs of which 
attack the bulbs of daffodils and other narcissi. The 
first and larger species, which was, at one. time, 
supposed to have been introduced from the continent 
into this country, where it has been recognised since 
1869, but in the opinion of at least one economic 
entomologist is probably indigenous, although it only 
became abundant with the development of daffodil- 
culture. The second and smaller species is a recent 
introduction, but, from its destructive nature, is likely 
to become as serious a pest as the first. The life- 
history of each species is described, with suggestions 
for remedial measures. 

The July and August numbers of the Entomologist’s 
Monthly Magazine contain two instalments of an 
account, by Mr. J. J. Walker, R.N., of the spread 
of the American butterfly Danaida plexippus to the 
islands of the south Pacific and Australia. Following 
one of its food-plants—a ‘milk-weed of the genus 
Asclepias—it appears to have reached Hawaii between 
1845 and 1850, whence a gravid female (or possibly 
a pair) was probably carried to Ponape, in the Caro- 
line group. From this solitary individual (or pair) 
have probably sprung the swarms now spread over 
the South Sea islands, in many of which this species 
is the commonest of all butterflies. 

The most important item in Prof. G. H. Car- 
penter’s report on injurious insects in Ireland during 
1913. (Economic Proc., R. Dublin Soc., vol. ii., 
No. 9), relates to the damage caused by the frit-fly 
(Oscinis frit) to corn crops. This little black fly is 
a recent introduction to Ireland, and in May and June 
of last year its maggots were very destructive to a 
field of oats in Tyrone. Its early life-history is de- 
tailed in an article by Mr. T. R. Hewitt in vol. xiv., 
No. 23, of the Scientific Proceedings of the Royal 
Dublin Society; and this account is incorporated in 
Prof. Carpenter’s report. 


THE AUSTRALIAN MEETING OF THE 


BRITISH ASSOCIATION. 
SECTION E. 
GEOGRAPHY. 


OPENING AppreEss By Sir CuHares P. Lucas, 
K.C.B., K.C.M.G., PRESIDENT OF THE SECTION. 


Man as a Geographical Agency. 


In an inaugural address to the Royal Scottish Geo- 
graphical Society on geography and statecraft Lord 
Milner said: “If I have no right to call myself a 
geographer, I am at least a firm believer in the value 
of geographical studies.” I wish to echo these words. 

have no expert geographical knowledge, and am 
wholly unversed in science, but I am emboldened to 
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try to say a few words because of my profound 
belief in the value of geographical studies. I believe 
in their value partly on general grounds, and largely 
because a study of the British Empire leads an 
Englishman, whether-born in England or in Australia, 
to the inevitable conclusion that statecraft in the past 
would have been better, if there had been more 
accurate knowledge of geography. This statement 
might be illustrated by various anecdotes, some true, 
not a few apocryphal; but anecdotes do not lend them- 
selves to the advancement of science. I am en- 
couraged, too, to speak because the field of geography 
is more open to the man in the street than are the 
sciences more strictly so-called. It is a graphy, not 
a logy. Geology is the science of the earth. Geo- 
graphy is a description of the face of the earth and 


' of what is on or under it, a series of pictures with 


appropriate letterpress and with more or less appro- 
priate morals to adorn the tale. The man in the street 
may talk affably and even intelligently about the face 
of the earth. 

Taking the earth as it is, geographical discovery 
has well-nigh reached its limit. The truth, in the 
words of Addison’s hymn, is now “spread from Pole 
to Pole,’’ and recent exploration at the South Pole, 
with its taie of heroism, will have specially appealed 
to the citizens of this Southern land. Coasts are in 
most cases accurately known. The age of Cook and 
Flinders is past. Interiors are more or less known. 
In Africa there is no more room for Livingstones, 
Spekes, Burtons, and Stanleys. In Australia Sir John 
Forrest is an honoured survival of the exploring age 
—the age of McDouall Stuart and other heroes of 
Australian discovery. The old map-makers, in Swift’s 
well-known lines, ‘‘o’er unhabitable downs placed 
elephants for want of towns.” Towns have now 
taken the place of elephants and of kangaroos. 
Much, no doubt, still remains to be done. The known 
will be made far better known; maps will be rectified ; 
many great inland tracts in Australia and elsewhere 
will be, as they are now being, scientifically surveyed ; 


; corners of the earth only penetrated now will be swept 
‘and garnished. But as we stand to-day, broadly 


speaking, there are few more lands and seas to 
conquer. Discovery pure and simple is passing away. 

But meanwhile there is one side of geography 
which is coming more and more to the front, bringing 
it more than ever within the scope of the British 
Association for the Advancement of Science. ‘* Man 
is the ultimate term in the geographical problem,” 
said Dr. Scott Keltie some years since at the meeting 
at Toronto. ‘‘ Geography is a description of the earth 
as it is, in relation to man,” said Sir Clements 
Markham, long president of the Royal Geographical 
Society. Geography, I venture to think, is becoming 
more and more a description of the earth as it is and 
as it will be under the working hand of man. It is 
becoming intensive rather than extensive. Geo- 
graphers have to record, and will more and more 
have to record, how far man has changed and is 
changing the face of the earth, to try to predict 
how far he will change it in the coming centuries. 
The face of the earth has been unveiled by man. Will 
the earth save her face in the years before us, and, if 
she saves her face, will it be taken at face value? 
How far, for instance, will lines of latitude and longi- 
tude continue to have any practical meaning? 

Man includes the ordinary man, the settler, the agri- 
culturist; man includes, too, the extraordinary—the 
man of science, the inventor, the engineer. ‘‘ Man,” 
says a writer on the subject, ‘‘is truly a geographical 
agency,” and I ask you to take account of this agency 
for a few minutes. I do so more especially because 
one of the chief features of the present day is the rise 
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of the South; and the rise of the South—notably of 
Australia—is the direct result of human agency, on 
one hand transforming the surface of the land, 
on the other eliminating distance. The old name of 
Australia, as we all know, was New Holland. The 
name was well chosen in view of later history, for 
while no two parts of the world could be more unlike 
one another than the little eorner of Europe known as 
Holland, or the Netherlands, and the great Southern 
Continent, in one and in the other man has been 
pre-eminently a geographical agency. 

The writer who used this phrase, ‘‘Man is a geo- 
graphical agency,”’ the American writer, Mr. G. P. 
Marsh, published his book, ‘‘Man and Nature,” in 
1864, and a new edition, entitled ‘‘ The Earth as Modi- 
fed by Human Action,” in 1874. He was mainly 
concerned with the destructiveness of man in the 
geographical and climatic changes which he has 
effected. ‘‘Every plant, every animal,’’? he writes, 
“is a geographical agency, man a destructive, vege- 
tables, and in some cases even wild beasts, restorative 
powers’; and again: ‘“‘It is in general true that the 
intervention of man has hitherto seemed to ensure the 
final exhaustion, ruin, and desolation of every province 
of Nature which he has reduced to his dominion.” 
The more civilised man has become, he tells us, the 
more he has destroyed. ‘‘ Purely untutored humanity 
interferes comparatively little with the arrangements 
of Nature, and the destructive agency of man becomes 
more and more energetic and unsparing as he ad- 
vances in civilisation.’’ In short, in his opinion, 
“better fifty vears of Cathay than a cycle of Europe.” 

He took this gloomy view mainly on account of the 
mischief done by cutting down forests. Man has 
wrought this destruction not only with his own hand, 
but through domesticated animals more destructive 
than wild beasts, sheep, goats, horned cattle, stunting 
or killing the young shoots of trees. Writing of 
Tunisia, Mr. Perkins, the Principal of Roseworthy 
College, says: ‘“‘In so far as young trees and shrubs 
are concerned, the passage of a flock of goats will 
do quite as much damage as a bush fire.” Mr. Marsh 
seems to have met a fool in the forest, and it was 
man; and he found him to be more knave than fool, 
for man has been, in Mr. Marsh’s view, the revolu- 
tionary Radical confiscating Nature’s. vested interests. 
“Man,” he says, ‘thas too long forgotten that the 
earth was given to him for usufruct alone, not for con- 
sumption, still less for profligate waste.’’ Trees, to 
his mind, are Conservatives of the best kind. They 
stand in the way, it is true, but they stop excesses, 
they moderate the climate, they give shelter against 
the wind, they store the water, prevent inundations, 
preserve and enrich the soil. ‘‘The clearing of the 
woods,” he says, ‘Shas in some cases produced within 
two or three generations effects as blasting as those 
generally ascribed to geological convulsions, and has 
laid waste the face of the earth more hopelessly than 
if it had been buried by a current of lava or a shower 
of voleanic sand’; and, once more, where forests have 
been destroyed, he says, ‘‘The face of the earth is no 
longer a sponge but a dust-heap.” 

The damage done by cutting down trees, and thereby 
letting loose torrents which wash away the soil, is or 
Was very marked in the south of France, in Dauphiné, 
Provence, and the French Alps. With the felling of 
trees and the pasturing of sheep on the upper edge of 
the forest—for sheep break the soil and expose the 
toots—the higher ground has been laid bare. Rain- 
storms have in consequence swept off the soil, and the 
floods have devastated the valleys. The mountain- 
sides have become deserts, and the valleys have been 
turned into swamps. ‘‘When they destroyed the 
forest,” wrote the great French geographer, Reclus, 
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about thirty years ago, “they also destroyed the very 
ground on which it stood’’; and then he continues : 
“The devastating action of the streams in the French 
Alps is a very curious phenomenon from the historical 
point of view, for it explains why so many of the 
districts of Syria, Greece, Asia Minor, Africa, and 
Spain have been forsaken by their inhabitants. The 
men have disappeared along with the trees; the axe of 
the woodman, no less than the sword of the conqueror, 
has put an end to, or transplanted, entire popula- 
tions.’’ In the latter part of the South African war 
Sir William Willcocks, skilled in irrigation in Egypt, 
and now reclaiming Mesopotamia, was brought to 
South Africa to report upon the possibilities of irriga- 
tion there, and in his report dated November 1901 he 
wrote as follows: ‘Seeing in Basutoland the effect of 
about thirty years of cultivation and more or less 
intense habitation convinced me of the fact that 
another country with steep slopes and thin depth of 
soil, like Palestine, has been almost completely 
denuded by hundreds of years of cultivation and intense 
habits. The Palestine which Joshua conquered and 
which the children of Israel inhabited was in all prob- 
ability covered over great part of its area by sufficient 
earth to provide food for a population a hundred times 
as dense as that which can be supported to-day.’’ The 
Scotch geologist, Hugh Miller, again, attributed the 
formation of the Scotch mosses to the cutting down 
of timber by Roman soldiers. ‘‘What had been an 
overturned forest became in the course of years a deep 
morass.”’ 

In past times there have been voices raised in favour 
of the forests, but they have been voices crying in the 
desert which man has made. Here is one. The old 
chronicler Holinshed, who lived in the reign of Queen 
Elizabeth, noted the amount of timber cut down for 
house building and in order to increase the area for 
pasturage. ‘‘Every small occasion in my time,’’ he 
writes, ‘‘is enough to cut down a great wood ’’; and 
in another passage either he himself or one of his 
collaborators writes that he would wish to live to see 
four things reformed in England: ‘The want of dis- 
cipline in the Church, the covetous dealing of most of 
our merchants in the preferment of commodities of 
other countries and hindrance of their own, the holding 
of fairs and markets upon the Sunday to be abolished 
and referred to the Wednesdays, and that every man 
in whatever part of the champaine soil enjoyeth forty 
acres of land and upwards after that rate, either by 
free deed, copyhold or fee farm, might plant one acre 
of wood or sow the same with oke mast, hazell, beach, 
and sufficient provision be made that it be cherished 
and kept.” 

Mr. Marsh seems to have thought that the Old 
World, and especially the countries which formed the 
old Roman Empire, had been ruined almost past re- 
demption; and for the beneficent action of man on 
Nature he looked across the seas. ‘‘ Australia and New 
Zealand,” he writes, ‘‘are perhaps the countries from 
which we have a right to expect the fullest elucidation 
of these difficult and disputable problems. Here exist 
greater facilities and stronger motives for the careful 
study of the topics in question than have ever been 
found combined in any other theatre of European 
colonisation.” 

His book was first written half a century ago. He 
was a pessimist evidently, and pessimists exaggerate 
even more than optimists, for there is nothing more 
exhilarating and consoling to ourselves than to predict 
the worst possible consequences from our neighbour’s 
folly. Further, though it may be true that man 
became more destructive as he became more civilised, 
it is also true that the destruction has been wrought 
directly rather by the unscientific than by the man of 
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science. If we have not grown less destructive since, 
at any rate we have shown some signs of penitence, 
and science has come to our aid in the work of repara- 
tion. Governments and associations have directed their 
attention to protecting woodland and _ reafforesting 
tracts which have been laid bare. The Touring Club 
of France, for instance, I am told, have taken up the 
question of the damage done by destruction of trees 
by men and sheep in Haute Savoie, and they assist 
reclamation by guidance and by grants. In England, 
under the auspices of Birmingham University and 
under the Presidency of Sir Oliver Lodge, the Midlands 
Reafforestation Association is planting the pit mounds 
and ash quarries of the Black Country with trees which 
will resist smoke and bad air, alders, willows, poplars, 
carrying out their work, a report says, under a com- 
bination of difficulties not to be found in any other 
country. Artificial lakes and reservoirs again, such 
as I shall refer to presently, are being made woodland 
centres. In most civilised countries nowadays living 
creatures are to some extent protected, tree planting 
is encouraged by Arbour days, and reserves are formed 
for forests, for beasts and birds, the survivors of the 
wild fauna of the earth. Some lands, such as Greece, 
as I gather from Mr. Perkins’ report, are still being 
denuded of trees, but as a general rule the human 
conscience is becoming more and more alive to the 
immorality and the impolicy of wasting the surface 
of the earth and what lives upon it, and is even 
beginning to take stock as to whether the minerals 
beneath the surface are inexhaustible. Therefore I 
ask you now to consider man as the lord of creation 
in the nobler sense of the phrase as transforming 
geography, but more as a creative than as a destructive 
agency. 

How far has the agency of man altered, and how 
far is it likely to alter, the surface of the earth, the 
divisions and boundaries assigned by Nature, the 
climate, and the production of the different parts of 
the globe; and, further, how far, when not actually 
transforming Nature, is human agency giving Nature 
the go-by? It should be borne in mind that science 
has effected, and is effecting transformation, partly 
by applying to old processes far more powerful 
machinery, partly by introducing new processes alto- 
gether; and that, as each new force is brought to 
light, lands and peoples are to a greater or less extent 
transformed. The world was laid out afresh by coal 
and steam. A new readjustment is taking place with 
the development of water power and oil power. Lands 
with no coal, but with fine water power or access to 
oil, are asserting themselves. Oil fuel is prolonging 
continuous voyages and making coaling stations 
superfluous. But of necessity it is the earth itself 
which gives the machinery for altering its own 
surface. The application of the machinery is con- 
tributed by the wit of man. 

The surface of the earth consists of land and water. 
How far has human agency converted water into land 
or land into water, and how far, without actually 
transforming land into water and water into land, is 
it for practical human purposes altering the meaning 
of land and water as the great geographical divisions? 
A writer on the Fens and South Lincolnshire has told 
us: ‘The Romans, not content with appropriating 
land all over the world, added to their territory at 
home by draining lakes and reclaiming marshes.” 
We can instance another great race which, while 
appropriating land all over the world, has added to it 
by reclaiming land from water, fresh or salt. The 
traveller from Great Britain to the most distant of 
the great British possessions, New Zealand, will find 
on landing at Wellington a fine street, Lambton Quay, 
the foreshore of the old beach, seaward of which now 
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rise many of the city’s finest buildings on land re- 
claimed from the sea; and instances of the kind might 
be indefinitely multiplied. Now the amount of land 
taken from water by man has been taken more from 
fresh water than from sea, and, taken in all, the 
amount is infinitesimal as compared with the total 
area of land and water; but it has been very consider- 
able in certain small areas.of the earth’s surface, and 
from these small areas have come races of men who 
have profoundly modified the geography and histor) 
of the world. This may be illustrated from th 
Netherlands and from Great Britain. 

Motley, at the beginning of ‘‘The Dutch Republic,’ 
writes of the Netherlands: ‘‘A region, outcast of 
ocean and earth, wrested at last from both domains 
their richest treasures.’’ Napoleon was credited with 
saying that the Netherlands were a deposit of th 
Rhine, and the rightful property of him who controlled 
the sources; and an old writer pronounced that 
Holland was the gift of the ocean and of the rivers 
Rhine and Meuse, as Egypt is of the river Nile. The 
crowning vision of Goethe’s Faust is that of a fre 
people on a free soil, won from the sea and kept for 
human habitation by the daily effort of man. Suc 
has been the story of the Netherlands. The Nether- 
lands, as a home for civilised men, were, and are, th: 
result of reclamation, of dykes and polders. Th 
kingdom has a constantly changing area of between 
12,000 and 13,000 square miles. Mr. Marsh, in his 
book, set down the total amount gained to agricultur: 
at the time he wrote ‘“‘by dyking out the sea and by 
draining shallow bays and lakes’”’ at some 1370 square 
miles, which, he says, was one-tenth of the kingdom; 
at the same time, he estimated that much more had 
been lost to the sea—something like 2600 square miles. 
He writes that there were no important sea dykes 
before the thirteenth century, and that draining inland 
lakes did not begin until the fifteenth, when windmills 
came into use for pumping. In the nineteenth century 
steam pumps took the place of windmills, science 
strengthening an already existing process. Between 
1815 and 1855, 172 square miles were reclaimed, and 
this included the Lake of Haarlem, some thirteen miles 
long by six in breadth, with an area of about seventy- 
three square miles. This was reclaimed between 1840 
and 18:3. At the present time, we are told, about 
forty square miles are being reclaimed annually in 
Holland; and meanwhile the Dutch Government has 
in contemplation or in hand a great scheme for drain- 
ing the Zuyder Zee, which amounts to recovering from 
the ocean land which was taken by it in historic times 
at the end of the fourteenth century. The scheme is 
to be carried out in thirty-three vears and is to cost 
nearly sixteen million pounds. The reclamation is to 
be effected by an embankment across the mouth of 
this inland sea over eighteen miles long. The result 
will be to add 815 square miles of land to the kingdom 
of the Netherlands, 750 square miles of which will be 
fertile land, and in addition to create a much-needed 
freshwater lake with an area of 557 square miles; 
this lake is to be fed by one of the mouths of the 
Rhine. 

London is partly built on marsh. The part of Lon- 
don where I live, Pimlico, was largely built on piles. 
A little way north, in the centre of fashion, is Belgrave 
Square, and here a lady whom I used to know had 
heard her grandfather say that he had shot snipe. 
Take the City of London in the strict and narrow 
sense. The names of Moorfields and Fensbury or 
Finsbury are familiar to those who know the City. 
Stow, in his Survey of London, more than three 
hundred years ago, wrote of ‘‘*The Moorfield which 
lieth without the postern called Moorgate. This field 
of old time was called the Moor. This fen or moor 
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field, stretching from the wall of the city betwixt 
Bishopsgate and the postern called Cripplegate to 
Fensbury and to Hoiywell continued a waste and un- 
profitable ground a long time.’’ By 1527, he tells us, 
it was drained “into the course of Walbrook, and so 
into the Thames, and by these degrees was this fen or 
moor at length made main and hard ground, which 
before, being overgrown with flags, sedges and rushes, 
served to no use.”’ It is said that this fen or marsh had 
come into being since Roman times. The reclamation 
which has been carried out in the case of London is 
typical of what has been done in numerous other cases. 
As man has become more civilised, he has come down 
from his earlier home in the uplands, has drained the 
valley swamps, and on the firm land thus created has 
planted the streets and houses of great cities. 

(he Romans had a hand in the draining of Romney 
Marsh in Sussex, and here nature cooperated with 
man, just as she has cooperated in the deltas of the 
great rivers, for the present state of the old Cinque 
Ports, Rye and Winchelsea, shows how much on this 
section of the English coast the sea has receded. But 
the largest reclamation was in East Anglia, where the 
names of the Fens and the Isle of Ely testify to what 
the surface once was. ‘* For some of our fens,’’ writes 
Holinshed, ‘* are well known to be either of ten, twelve, 
sixteen, twenty er thirty miles in length. . . . Wherein 
also Elie, the famous isle, standeth, which is seven 
miles every way, and whereunto there is no access 
but by three causies.’’ Arthur Young, in 1799, in his 
“General View of the Agriculture of the County of 
Lincoln,’’ a copy of which he dedicated to that great 
friend of Australia, Sir Joseph Banks, who was a Lin- 
colnshire landowner and a keen supporter of reclama- 
tion, wrote of the draining which had been carried out 
in Lincolnshire. ‘*‘The quantity of land thus added to 
the kingdom has been great; fens of water, mud, wild 
fowl, frogs and agues have been converted to rich 
pasture and arable worth from 20s. to 40s. an acre 

without going back to very remote periods, there 
cannot have been less than 150,000 acres drained and 
improved on an average from 5s. an acre to 25s.” 
150,000 acres is about 234 square miles, but the amount 
reclaimed by draining in Lincolnshire in the seven- 
teenth, eighteenth and nineteenth centuries seems to 
have been more than 500 square miles. The Fenlands 
as a whole extended into six counties. They were 
seventy miles in length, from ten to thirty miles broad, 
and covered an area of from 800 to 1000 square miles. 
One estimate I have seen is as high as 1200 square 
miles. Mr. Prothero, in his book on ‘‘ English Farm- 
ing, Past and Present,’’ tells us that they were ‘‘in the 
seventeenth century a wilderness of bogs, pools and 
reed shoals—a vast morass from which here and there 
emerged a few islands of solid earth.’’ In the seven- 
teenth century a Dutch engineer, Vermuyden, was 
called in to advise, and the result of draining what 
was called after the peer who contracted for it the 
Bedford Level, together with subsequent reclamations, 
was to convert into ploughland and pasture large tracts 
which, in the words of an old writer, Dugdale, had 
been “‘a vast and deep fen, affording little benefit to 
the realm other than fish or fowl, with overmuch 
harbour to a rude and almost barbarous sort of lazy 
and beggarly people.” In Lincolnshire there was a 
district called Holland, and in Norfolk one called 
Marshland, said to have been drained by, to quote 
Dugdale again, “those active and industrious people, 
the Romans.” 

The Dutch and the English, who thus added to their 
home lands by reclamation, went far and wide through 
the world, changing its face as they went. The 
Dutch, where they planted themselves, planted trees 
also; and when they came to land like their own 
Netherlands, again they reclaimed and empoldered. 
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The foreshore of British Guiana, with its canals and 
sea defences, dating from Dutch times, is now the 
chief sugar-producing area in the British West Indies. 
If again in Australia man has been a geographical 
agency, he learnt his trade when he was changing the 
face of his old home in the British Isles. 

Instances of reclaiming land from water might be 
We might compare the work 
In Norway, for instance, 
Reclus wrote that ‘the agriculturists are now reclaim- 
ing every year forty square miles of the marshes and 
fiords."” Miss Semple, who, in the “Influences of 
Geographic Environment,” writes that ‘between the 
Elbe and Scheldt”’ (that is, including with the Nether- 
lands some of North Germany) “more than 2000 
square miles have been reclaimed from river and sea 
in the past 300 years,”’ tells us also that ‘the most 


| gigantic dyke system in the world is that of the 


Hoangho, by which a territory of the size of England 
is won from the water for cultivation.” Or we might 
take the different objects which have impelled men 
here and there to dry up water and bank out sea. 
Agriculture has not been the only object, nor yet re- 
claiming for town sites. Thus, in order to work the 
hematite iron mines at Hodbarrow, in Cumberland, an 
area of 170 acres was, in the years 1900-04, reclaimed 
from the sea by a barrier more than 1} miles long, 
designed by the great firm of marine engineers, Coode 
and Matthews, which built the Colombo breakwater. 
The reclaimed land, owing to the subsidence caused 
by the workings, is now much below the level of the 
sea. Here is an instance of reclamation not adding 
to agricultural or pastoral area, but giving mineral 
wealth, thereby attracting population and enriching a 
district. 

How far has land been drowned by the agency of 
man? Again the total area is a negligible quantity, 
but again, relatively to small areas, it has been appre- 
ciable, and the indirect effects have been great. The 
necessities of town life are responsible for new lakes 
and rivers. Such are the great reservoirs and aque- 
ducts by which water is being brought to New York 
from the Catskill Mountains, a work which a writer 
in the Times has described as ‘‘ hardly second in mag- 
nitude and importance to the Panama Canal.” In 
Great Britain cities in search of a water supply have 
ordered houses, churches, fields to be drowned, and 
small lakes to come into existence. Liverpool created 
Lake Vyrnwy in Montgomeryshire, with a length of 
nearly five miles and an area of 1121 acres. Birming- 
ham is the parent of a similar lake in a wild Radnor- 
shire valley near my old home. The water is not 
carried for anything like the distance from Mundaring 
to Kalgoorlie, and on a much greater scale than these 
little lakes in Wales is the reservoir now being formed 
in New South Wales by the Burrinjuck dam, on the 
Murrumbidgee River, which, as I read, is, or will be, 
forty-one miles long, and cover an area of twenty 
square miles. If I understand right, in this case, by 
holding up the waters of a river, a long narrow lake 
has been or is being called into existence. A still 
larger volume of water is gathered by the great 
Assouan dam, which holds up the Nile at the head of 
the First Cataract, washing, and at times submerging, 
the old temples on the Island of Philze in mid-stream. 
First completed in 1902, the dam was enlarged and 
heightened by 1912; and the result of the dam is at 
the time of high Nile to create a lake of some 65 
square miles in area, as well as to fill up the channel 
of the river for many miles up stream. Illustrations 
of artificial lakes might be multiplied from irrigation 
works in India. An official report on the State of 
Hyderabad, written some years ago, has the following 
reference to the tanks in the granitic country of that 
State: ‘“‘There are no natural lakes, but from the 
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earliest times advantage has been taken of the undu- 
lating character of the country to dam up some low 
ground or gorge between two hills, above which the 
drainage of a large area is collected. Such artificial 
reservoirs are peculiar to the granitic country, and 
wherever groups of granite hills occur tanks are sure 
to be found associated with them.”” Take again the 
great ship canals. The Suez Canal runs for 100 miles 
from sea to sea, though for part of its course it runs 
through water, not through sand. It is constantly 
growing in depth and width. Its original depth was 
26} ft.; it is now, for nine-tenths of its length, more 
than 36 ft., and the canal is to be further deepened 
generally to more than 39 ft. 
the bottom was 72 ft.; it is now, for most of its course, 
more than 147 ft.; in other words, the width has been 
more than doubled. A writer in the Times on the 
wonderful Panama Canal said: ‘‘The locks and the 
Gatun dam have entailed a far larger displacement of 
the earth’s surface than has ever been attempted by 
the hand of man in so limited a space.’’ Outside the 
locks the depth is 45 ft., and the minimum bottom 
width 300 ft. 
Canal says: “‘ It is a lake canal as well as a lock canal, 
its dominating feature being Gatun Lake, a great 
body of water covering about 164 square miles.”” The 
canal is only fifty miles long from open sea to open 
sea, from shore line to shore line only forty. But in 
making it man, the geographical agency, has blocked 
the waters of a river, the Chagres, by building up a 
ridge which connects the two lines of hills between 
which the river flows, this ridge being a dam 1} miles 
long, nearly half a mile wide at its base, and rising to 
105 ft. above sea-level, with the result that a lake has 


come into existence which is three-quarters of the size | 


of the Lake of Geneva, and extends beyond the limits 
of the Canal zone. 

Mr. Marsh, in his book, referred to far more colossal 
schemes for turning land into water, such as flooding 
the African Sahara or cutting a canal from the Medi- 
terranean to the Jordan and this submerging the basin 
of the Dead Sea, which is below the level of the ocean. 
The effect of the latter scheme, he estimated, would 
be to add from 2000 to 3000 square miles to the fluid 
surface of Syria. All that can be said is that the wild- 
cat schemes of one century often become the domesti- 
cated possibilities of the next and the accomplished 
facts of the third; that the more discovery of new 
lands passes out of sight the more men’s energies and 
imagination will be concentrated upon developing and 
altering what is in their keeping; and that, judging 
from the past, no unscientific man can safely set any 
limit whatever to the future achievements of science. 

But now, given that the proportion of land to water 
and water to land has not been, and assuming that it 
will not be, appreciably altered, has water, for practical 
purposes, encroached on land, or land on water? In 
many cases water transport has encroached on land 
transport. The great isthmus canals are an obvious 
instance; so are the great Canadian canals. The ton- 
nage passing through the locks of the Sault St.-Marie 
is greater than that which is carried through the Suez 
Canal. Waterways are made where there was dry 
land, and more often existing inland waterways are 
converted into sea-going ways. Manchester has be- 
come a seaport through its Ship Canal. The Clyde, in 
Mr. Vernon Harcourt’s words, written in 1895, has 
been ‘‘converted from an insignificant stream into a 
deep navigable river capable of giving access to ocean- 
going vessels of large draught up to Glasgow.”’ In 
1758 the Clyde at low water at Glasgow was only 
15 inches deep, and until 1818 no seagoing vessels came 
up to Glasgow. In 1895 the depth at low water was 
from 17 to 20 ft., and steamers with a maximum 
draught of 254 ft. could go up to Glasgow. This was 


NO. 2341, VOL. 94] 


« 


\ 


Its original width at | 


The official handbook of the Panama | 
| in all the estuaries and up the rivers, which, unde: 


| the result of dredging, deepening and widening th: 
| river, and increasing the tidal flow. The record of th: 

Tyne has been similar. The effect of dredging th 
| Tyne was that in 1895—I quote Mr. Harcourt again— 
| ‘* Between Shields and Newcastle, where former! 
| steamers of only 3 to 4 ft. draught used to ground fo: 

hours, there is now a depth of 20 ft. throughout a: 
the lowest tides.’ It is because engineers have arti 
ficially improved Nature’s work on the Clyde and th 
Tyne that these rivers have become homes of ship 
building for the whole world. Building training wall 
| on the Seine placed Rouen, seventy-eight miles up th: 
| river, high among the seaports of France. The Elb 
and the Rhine, the giant rivers Mississippi and St 
| Lawrence, and many other rivers, have, as we a! 
| know, been wonderfully transformed by the hand a: 
the engineer. 

But land in turn, in this matter of transport, ha 
encroached upon sea. In old days, when roads wer 
few and bad, when there were no railways, and whe: 
ships were small, it was all-important to bring goods 
by water at all parts as far inland as possible. In 
England there were numerous flourishing little port: 


modern conditions, have decayed. No one now thinks 
of Canterbury and Winchester in connection with sea. 
borne traffic; but Mr. Belloc, in ‘‘The Old Road,” a 
description of the historical Pilgrims’ Way from Win- 
chester to Canterbury, points out how these two old- 
world cathedral cities took their origin and derived 
their importance from the fact that each of them, 
Canterbury in particular, was within easy reach of the 
coast, where a crossing from France would be made; 
each on a river—in the case of Canterbury on the Stour 
just above the end of the tideway. In the days when 
the Island of Thanet was really an island, separated 
from the rest of Kent by an arm of the sea, and when 
the present insignificant river Stour was, in the words 
of the historian J. R. Green, ‘‘a wide and navigable 
estuary,’’ Canterbury was a focus to which the mer- 
chandise of six Kentish seaports was brought, to pass 
on inland; it was in effect practically a seaport. Now 
merchandise, except purely local traffic, comes to a few 
large ports only, and is carried direct by rail to great 
distant inland centres. Reclus wrote that bays are 
constantly losing in comparative importance as the 
inland ways of rapid communication increase; that, in 
all countries intersected with railways, indentations in 
the coast-line have become rather an obstacle than an 
advantage; and that maritime commerce tends more 
and more to take for its starting-place ports situated 
at the end of a peninsula. He argues, in short, that 
traffic goes on land as far out to sea as possible instead 
of being brought by water as far inland as possible. 
He clearly overstated the case, but my contention is 
that, for human purposes, the coast-line, though the 
same on the map, has practically been altered by 
human agency. Ports have been brought to men as 
much as men to ports. We see before our eyes the 
process going on of bridging India to Ceylon so as to 
carry goods and passengers as far by land as possible, 
and in Ceylon we see the great natural harbour of 
Trincomalee practically deserted and a wonderful arti- 
ficial harbour created at the centre of population, 
Colombo. 

But let us carry the argument a little further. Great 
Britain is an island. Unless there is some great con- 
vulsion of Nature, to all time the Straits of Dover wil! 
separate it from the continent of Europe. Yet we hav: 
at this moment a renewal of the scheme for a Channe! 
tunnel, and at this moment men are flying fron 
England to France and France to England. Suppos: 
the Channel tunnel to be made; suppose flying to b: 
improved—and it is improving every day—what wi!! 





become of the island? What will become of the sea: 
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They will be there and will be shown on the map, but 
to all human intents and purposes the geography will 
be changed. The sea will no longer be a barrier, it 
will no longer be the only high-road from England to 
France. There will be going to and fro on or in dry 
land, and going to and fro neither on land nor on sea. 
Suppose this science of aviation to make great strides, 
and heavy loads to be carried in the air, what will 
become of the ports, and what will become of sea- 
going peoples? The ports will be there, appearing as 
now on the map, but Birmingham goods will be 
shipped at Birmingham for foreign parts, and Lithgow 
will export mineral direct, saying good-bye to the Blue 
Mountains and even to Sydney Harbour. 

Now, in saying this I may well be told by my 
scientific colleagues that it is all very well as a pretty 
piece of fooling, but that it is not business. I say it 
as an unscientific man with a profound belief in the 
limitless possibilities of science. How long is it since 
it was an axiom that, as a lump of iron sinks in water, 
a ship made of iron could not possibly float? Is it 
fatuous to contemplate that the conquest of the air, 
which is now beginning, will make it a highway for 
commercial purposes? We have aeroplanes already 
which settle on the water and rise again; we are fol- 
lowing on the track of the gulls which we wonder at 
far away in the limitless waste of ocean. A century 
and a half ago the great Edmund Burke ridiculed the 
idea of representatives of the old North American 
colonies sitting in the Imperial Parliament; he spoke 
of any such scheme as fighting with Nature and con- 
quering the order of Providence; he took the distance, 
the time which would be involved—six weeks from the 
present United States to London. If anyone had told 
him that what is happening now through the applied 
forces of science might happen, he would have called 
him a madman. Men think in years, or at most in 
lifetimes ; they ought sometimes to think in centuries. 
I believe in Reclus’s words, ‘All man_ has 
hitherto done is a trifle in comparison with what he 
will be able to effect in future.’’ Science is like a 
woman. She says No again and again, but means 
Yes in the end. 

In dealing with land and water I have touched upon 
natural divisions and natural boundaries, which are 
one of the provinces of geography. Flying gives the 
go-by to all natural divisions and boundaries, even the 
sea; but let us come down to the earth. Isthmuses 
are natural divisions between seas; the ship canals cut 
them and link the seas—the canal through the Isthmus 
of Corinth, the canal which cuts the Isthmus of Pere- 
kop between the Crimea and the mainland of Russia, 
the Baltic Canal, the Suez Canal, the Panama Canal. 
The Suez Canal, it will be noted, though not such a 
wonderful feat as the Panama Canal, is more import- 
ant from a geographical point of view, in that an 
open cut has been made from sea to sea without 
necessity for locks, which surmount the land barrier 
but more or less leave it standing. Inland, what are 
natural divisions? Mountains, forests, deserts, and, 
to some extent, rivers. Take mountains. ‘ High, 
massive mountain systems,” writes Miss Semple, 
“present the most effective barriers which man meets 
on the land surface of the earth.” But are the Rocky 
Mountains, for instance, boundaries, dividing-lines, to 
anything like the extent that they were now that rail- 
ways go through and over them, carrying hundreds 
of human beings back and fore day by day? On 
what terms did British Columbia join the Dominion 
of Canada? That the natural barrier between them 
should be pierced by the railway. Take the Alps. 
The canton Ticino, running down to Lake Maggiore, 
\s politically in Switzerland; it is wholly on the 
southern side of the Alps. Is not the position entirely 
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changed by the St. Gothard tunnel, running from 
Swiss territory into Swiss territory on either side of 
the mountains? 

If, in the Bible language, it requires faith to remove 


| mountains, it is not wholly so with other natural 


| natural dividing-lines. 


boundaries. Forests were, in old days, very real 
They were so in England, as 


in our own day they have been in Central Africa. 


| Between forty and fifty years ago, in his ‘ Historical 


| down 


| barriers than the sea. 


Maps 
name 


of England,’’ Prot. C. H. Pearson, whose 
is well known and honoured in Australia, laid 
that England was settled from east and west, 
because over against Gaul were heavy woods, greater 
Kent was cut off from Central 


| England by the Andred Weald, said to have been, in 


| King Alfred’s time, 


120 miles long and 30 broad. 


Here are Prof. Pearson’s words: ‘The axe of 


| the woodman clearing away the forests, the labour of 
| nameless generations reclaiming the fringes of the 


fens or making their islands habitable, have gradually 


| transformed England into one country, inhabited by 


| one people. 
| and fens are to isolate and divide.” 





But the early influences of the woods 
Thus the cutting 
down of trees is sometimes a good, not an evil, and 
there are some natural boundaries which man can 
wholly obliterate. 

Can the same be said of deserts? They can cer- 
tainly be pierced, like isthmuses and like mountains. 
The Australian desert is a natural division between 
Western and South Australia. The desert will be 
there, at any rate for many a long day after the 
transcontinental railway has been finished, but will it 
be, in anything like the same sense as before, a barrier 
placed by Nature and respected by man? Nor do rail- 
ways end with simply giving continuous communica- 
tion, except when they are in tunnels. As we all 
know, if population is available, they bring in their 
train development of the land through which they 
pass. Are these deserts of the earth always going to 
remain ‘‘deserts idle’’? Is man going to obliterate 
them? In the days to come, will the desert rejoice 
and blossom the rose? What will dry farming 
and what will afforestation have to say? In the evi- 
dence taken in Australia by the Dominions Royal 
Commission, the Commissioner for Irrigation in New 
South Wales tells us that ‘“‘the dry farming areas are 
carried out westward into what are regarded as arid 
lands every year,’’ and that, in his opinion, ‘‘ we are 
merely on the fringe of dry farming” in Australia. 
A book has laiely been published entitled ‘‘The Con- 
quest of the Desert.’’ The writer, Dr. Macdonald, 
deals with the Kalahari Desert in South Africa, which 
he knows well, and for the conquest of the desert he 
lays down that three things are essential—population, 
conservation, and afforestation. He points out in 
words which might have been embodied in Mr. 
Marsh’s book, how the desert zone has advanced 
through the reckless cutting of trees, and how it can 
be flung back again by tree barriers to the sand dunes. 
By conservation he means the system of dry farming 
so successful in the United States of America, which 
preserves the moisture in the soil and makes the desert 
produce fine crops of durum wheat without a drop of 
rain falling upon it from seedtime to harvest, and he 
addresses his book ‘to the million settlers of to- 
morrow upon the dry and desert lands of South 
Africa.” If the settlers come, he holds that the 
agency of man, tree-planting, ploughing and harrow- 
ing the soil, will drive back and kill out the desert. 
The effect of tree-planting in arresting the sand dunes 
and reclaiming. desert has been very marked in the 
Landes of Gascony. Here, I gather from Mr. Perkins’ 
report, are some 3600 square miles of sandy waste, 
more than half of which had, so far back as 1882, 


as 
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been converted into forest land, planted mainly with 
maritime pines. 

What, again, will irrigation have to say to the 
deserts? Irrigation, whether from underground or 
from overground waters, has already changed the face 


of the earth, and as the years go on, as knowledge | 


grows and wisdom, must inevitably change it more 
and more. I read of underground waters in the Kala- 
hari. I read of them too in the Libyan Desert. In 
the Geographical Journal for 1902 it is stated that 
at that date nearly 22,000 square miles in the Algerian 
Sahara had been reclaimed with water from artesian 
wells. What artesian and sub-artesian water has done 
for Australia you all know. If it is not so much avail- 
able for agricultural purposes, it has enabled flocks 
and herds to live and thrive in what would be other- 
wise arid areas. Prof. J. W. Gregory, Mr. Gibbons 
Cox, and others have written on this subject with 
expert knowledge; evidence has been collected and 
published by the Dominions Royal Commission, but I 
must leave to more learned and more controversial 
men than I am to discuss whether the supplies are 
plutonic or meteoric, and how far in this matter you 
are living on your capital. 

If we turn to irrigation from overground waters, I 
hesitate to take illustrations from Australia, because 
tiny theme is the blotting out of the desert, and most 
of the Australian lands which are being irrigated from 
rivers, and made scenes of closer settlement, would be 
libelled if classed as desert. Mr. Elwood Mead told 
the Royal Commission that the State irrigation works 
in Victoria, already completed or in process of con- 
struction, can irrigate more than 600 square miles, 
and that, if the whole water supply of the State were 
utilised, more like 6000 square miles might be irri- 
gated. The Burrinjuck scheme in New South Wales 
will irrigate in the first instance not far short of 500 
square miles, but may eventually be made available 
for six times that area. If we turn to irrigation 
works in India, it appears from the second edition of 
Mr. Buckley’s work on the subject, published in 1905, 
that one canal system alone, that of the Chenab in 
the Panjab, had, to quote his words, turned ‘‘ some 
two million acres of wilderness (more than 3000 square 
miles) into sheets of luxuriant crops.” ‘‘ Before the 
construction of the canal,’ he writes, ‘it was almost 
entirely waste, with an extremely small population, 
which was mostly nomad. Some portion of the 
country was wooded with jungle trees, some was 
covered with small scrub camel thorn, and large tracts 
were absolutely bare, producing only on occasions a 
brilliant mirage of unbounded sheets of fictitious 
water."’ The Chenab irrigation works have provided 
for more than a million of human beings; and, taking 
the whole of India, the Irrigation Commission of 
1901-3 estimated that the amount of irrigated land at 
that date was 68,750 square miles; in other words, 
a considerably larger area than England and Wales. 
Sir William Willcocks is now reclaiming the delta of 
the Euphrates and Tigris. The area is given as nearly 
19,000 square miles, and it is described as about two- 
thirds desert and one-third freshwater swamp. More 
than 4000 square miles of the Gezireh Plain, between 
the Blue and the White Nile, are about to be re- 
claimed, mainly for cotton cultivation, by constructing 
a dam on the Blue Nile at Sennaar and cutting a 
canal 100 miles long which, if I understand right, will 
join the White Nile, thirty miles south of Khartoum. 

With the advance of science, with the growing 
pressure of population on the surface of the earth, 
forcing on reclamation as a necessity for life, is it too 
much to contemplate that human agency in the 
coming time will largely obliterate the deserts which 
now appear on our maps? It is for the young peoples 
of the British Empire to take a lead in—to quote a 
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| phrase from Lord Durham’s great report—“the wai 

with the wilderness, and the great feat of carrying 
| water for 350 miles to Kalgoorlie, in the very hear: 
| of the wilderness, shows that Australians are second 
| to none in the ranks of this war. 

It is a commonplace that rivers do not make good 
boundaries because they are easy to cross by boat or 
| bridge. Pascal says of them that they are ‘des 
| chemins qui marchent”’ (roads that move), and 

have seen how these roads have been and are being 

improved by man. ‘ Rivers unite,’’ says Miss Semple ; 
and again, ‘Rivers may serve as political lines o! 
demarcation, and therefore fix political frontiers, but 
they can never take the place of natural boundaries.” 
All the same, in old times at any rate, rivers were ver) 
appreciable dividing-lines, and when you get back 
| something like barbarism, that is to say in time of 
war, it is realised how powerful a barrier is a river. 
Taking, then, rivers as in some sort natural boun- 
daries, or treating them only as political boundaries, 
the point which I wish to emphasise is that they are 
becoming boundaries which, with modern scientific 
appliances, may be shifted at the will of man. In the 
days to come the diversion of rivers may become the 
diversion of a new race of despotic rulers with in- 
finitely greater power to carry out their will or their 
whim than the Pharaohs possessed when they built the 
Pyramids. You in Australia know how thorny a ques- 
tion is that of the control of the Murray and its 
tributaries. There are Waterways Conventions be- 
tween Canada and the United States. Security for 
the head-waters of the Nile was, and is, a prime neces- 
sity for the Sudan and Egypt. The Euphrates is 
being turned from one channel into another. What 
infinite possibilities of political and geographical com- 
plications does man’s growing control over the flow of 
rivers present! 

Thus I have given you four kinds of barriers or 
divisions set by Nature upon the face of the earth— 
mountains, forests, deserts, rivers. The first, the 
mountains, man cannot remove, but he can and he 
does go through them to save the trouble and difficulty 
of going over them. The second, the forests, he has 
largely cleared away altogether. The third, the 
deserts, he is beginning to treat like the forests. The 
fourth, the rivers, he is beginning to shift when it 
suits his purpose and to regulate their flow at will. 

I turn to climate. Climates are hot or cold, wet or 
dry, healthy or unhealthy. Here our old friends the 
trees have much to say. Climates beyond disput 
become at once hotter and colder when trees have 
been cut down and the face of the earth has been 
laid bare; they become dryer or moister according «s 
trees are destroyed or trees are planted and hold the 
moisture; the cutting and planting of timber affects 
either one way or the other the health of a district. 
The tilling of the soil modifies the climate. This has 
been the case, according to general opinion, in the 
North-West of Canada, though I have not been able 
to secure any official statistics on the subject. In 
| winter time broken or ploughed land does not hold 
the snow and ice to the same extent as the unbroken 
surface of the prairie; on the other hand, it is more 
retentive at once of moisture and of the rays of the 
sun. The result is that the wheat zone has moved 
further north, and that the intervention of man has, 
at any rate for agricultural purposes, made the climate 
of the great Canadian North-West perceptibly more 
favourable than it was. In Lord Strathcona’s view, 
there was some change even before the settlers came 
in, as soon as the rails and telegraph lines of the 
Canadian Pacific Railway were laid. He told me that 
in carrying the line across a desert belt it was found 
that, within measurable distance of the rail and the 
telegraph line, there was a distinct increase of dew 
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and moisture. I must leave it to men of science to 
say whether this was the result of some electrical or 
other force, or whether what was observed was due 
simply to a wet cycle coinciding with the laying of the 
rails and the erection of the wires. I am told that it 
is probably a coincidence of this kind which accounts 
for the fact that in the neighbourhood of the Assouan 
dam there is at present a small annual rainfall, 
whereas in past years the locality was rainless. 
Reference has already been made to the effect of culti- 
vation in the Kalahari Desert in increasing the storage 
of moisture in the soil. But it is when we come to 
the division between healthy and unhealthy climates 
that the effect of science upon climate is most clearly 
seen. The great researches of Ross, Manson, and 
many other men of science, British and foreign alike, 
who have traced malaria and yellow fever back to the 
mosquito, and assured the prevention and gradual 
extirpation of tropical diseases, bid fair to revolu- 
tionise climatic control. Note, however, that in our 
penitent desire to preserve the wild fauna of the earth 
we are also establishing preserves for mosquitos, 
trypanosomes and the tsetse fly. 

Nowhere have the triumphs of medical science been 
more conspicuous than where engineers have per- 
formed their greatest feats. De Lesseps decided that 
Ismailia should be the headquarters of the Suez 
Canal, but the prevalence of malaria made it neces- 
sary to transfer the headquarters to Port Said. In 
1886 there were 2300 cases of malaria at Ismailia; in 
1900 almost exactly the same number. In 1gor Sir 
Ronald Ross was called in to advise; in 1906 there 
were no fresh cases, and malaria has been stamped 
out. Lesseps’s attempt to construct the Panama Canal 
was defeated largely, if not mainly, by the frightful 
death-rate among the labourers; 50,000 lives are said 
to have been lost, the result of malaria and yellow 
fever. When the Americans took up the enterprise 
they started with sending in doctors and sanitary 
experts, and the resuli of splendid medical skill and 
sanitary administration was that malaria and yellow 
fever were practically killed out. The Panama Canal 
is a glorious creation of medical as well as of engineer- 
ing science, and this change of climate has been 
mainly due to reclamation of pools and swamps, and 
to cutting down bush, for even the virtuous trees, 
under some conditions, conduce ta malaria. Man is 
a geographical agency, and in no respect more than 
in the effect of his handiwork on climate, for climate 
determines products, human and others. Science is 
deciding that animal pests shall be extirpated in the 
tropics, and that there shall be no climates which 
shall be barred to white men on the ground of danger 
of infection from tropical diseases. 

If we turn to products, it is almost superfluous to 
give illustrations of the changes wrought by man. 
As the incoming white man has in many places sup- 
planted the coloured aboriginal, so the plants and the 
living creatures brought in by the white man have 
in many cases, as you know well, ousted the flora and 
fauna of the soil. Here is one well-known illustra- 
tion of the immigration of plants. Charles Darwin, 
on the voyage of the Beagle, visited the island of St. 
Helena in the year 1836. He wrote ‘that the number 
of plants now found on the island is 746, and that out 
of these fifty-two alone are indigenous species.” The 
immigrants, he said, had been imported mainly from 
England, but some from Australia, and, he continued, 
“the many imported species must have destroyed some 
of the native kinds, and it is only on the highest and 
Steepest ridges that the indigenous flora is now pre- 
dominant.” 

Set yourselves to write a geography of Australia 
as Australia was when first made known to Europe, 
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and compare it with a geography now. Suppose 
Australia to have been fully discovered when Euro- 
peans first reached it, but consider the surface then 
and the surface now, and the living things upon the 
surface then and now. Will not man have been found 
to be a geographical agency? How much waste land, 
how many fringes of desert have been reclaimed? 
The wilderness has become pasture land, and pasture 
land, in turn, is being converted into arable. The 
Blue Mountains, which barred the way to the interior, 
are now a health resort. Let us see what Sir Joseph 
Banks wrote after his visit to Australia on Captain 
Cook’s first voyage in 1770. He has a_ chapter 
headed ‘‘Some Account of that part of New Holland 
now called New South Wales.” New Holland he 
thought ‘in every respect the most barren country I 
have seen’’; ‘‘the fertile soil bears no kind of pro- 
portion to that which seems by nature doomed to 
everlasting barrenness.”’ ‘In the whole length of 
coast which we sailed along there was a very unusual 
sameness to be observed in the face of the country. 
Barren it may justly be called, and in a very high 
degree, so far, at least, as we saw.” It is true that 
he only saw the land by the sea, but it was the richer 
eastern side of Australia, the outer edge of New 
South Wales and Queensland. What animals did he 
find in Australia? He ‘‘saw an animal as large as a 
greyhound, of a mouse colour, and very swift.’’ ‘‘He 
was not only like a greyhound in size and running, 
but had a tail as long as any greyhound’s. What to 
liken him to I could not tell.’”’ Banks had a grey- 
hound with him, which chased this animal. ‘*We 
observed, much to our surprise, that, instead of going 
upon all fours, this animal went only on two legs, 
making vast bounds.”’ He found out that the natives 
called it kangaroo, and it was “as large as a middling 
lamb.’’ He found ‘this immense tract of land,”’ 
which he said was considerably larger than all 
Europe, ‘thinly inhabited, even to admiration, at 
least that part of it that we saw.’ He noted the 
Indians, as he called them, whom he thought “a 
very pusillanimous people.’’ They ‘‘seemed to have 
no idea of traffic’’; they had ‘‘a wooden weapon made 
like a short scimitar.’ Suppose a new Sir Joseph 
Banks came down from the planet Mars to visit 
Australia at this moment, what account would he give 
of it in a geographical handbook for the children of 
Mars? He would modify the views about barrenness, 
if he saw the cornfields and flocks and herds; if he 
visited Adelaide, he would change his opinion as to 
scanty population, though not so, perhaps, if he went 
to the back blocks. He would record that the popula- 
tion was almost entirely white, apparently akin to a 
certain race in the North Sea, from which, by tradi- 
tion, they had come; that their worst enemies could 
not call them pusillanimous; that they had some ideas 
of traffic, and used other weapons than a wooden 
scimitar; and he would probably give the first place 
in animal life not to the animal like a greyhound on 
two legs, but to the middling lamb, or perhaps to the 
ubiquitous rabbit. Australia is the same island con- 
tinent that it always was; there are the same indenta- 
tions of coast, the same mountains and rivers, but 
the face of the land is different. In past years there 
was no town, and the country was wilderness; on the 
surface of the wilderness many of the living things 
were different; and from under the earth has come 
water and mineral, the existence of which was not 
suspected. A century hence it will be different again, 
and I want to see sets of maps illustrating more 
clearly than is now the case the changes which suc- 
cessive generations of men have made and are making 
in the face of Australia and of the whole earth. 

More than half a century ago Buckle, in his ** His- 
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tory of Civilisation,” wrote: ‘Formerly the richest 
countries were those in which Nature was most 
bountiful; now the richest countries are those in which 
man is most active. For in our age of the world, if 
Nature is parsimonious we know how to compensate 
her deficiencies. If a river is difficult to navigate, or 
a country difficult to traverse, an engineer can correct 
the error and remedy the evil. If we have no rivers 
we make canals; if we have no natural harbours we 
make artificial ones.” These words have a double 
force at the present day and in the present surround- 
ings, for nowhere has man been more active as a 
geographical agency than in Australia; and not inside 
Australia only, but also in regard to the relations of 
Australia to the outside world. 

An island continent Australia is still, and always 
will be, on the maps. It always will be the same 
number of miles distant from other lands; but will 
these maps represent practical everyday facts? What 
do miles mean when it takes a perpetually diminish- 
ing time to cover them? Is it not truer to facts to 
measure distances, as do Swiss guides, in Stunden 
(hours)? What, once more, will an island continent 
mean if the sea is to be overlooked and overflown ? 
The tendency is for the world to become one; and 
we know perfectly well that, so far as distance is con- 
cerned, for practical purposes the geographical posi- 
tion of Australia has changed through the agency of 
scientific man. If you come to think of it, what geo- 
graphy has been more concerned with than anything 
else, directly or indirectly, is distance. It is the know- 
ledge of other places not at our actual door that we 
teach in geography, how to get there, what to find 
when we get there, and so forth. The greatest revolu- 
tion that is being worked in human life is the elimina- 
tion of distance, and this elimination is going on 
apace. It is entering into every phase of public and 
private life, and is changing it more and more. The 
most difficult and dangerous of all Imperial problems 
at this moment is the colour problem, and this has 
been entirely created by human agency, scientific 
agency, bringing the lands of the coloured and the 
white men closer together. Year after year, because 
distance is being diminished, coming and going of 
men and of products is multiplying; steadily and 
surely the world is becoming one continent. This is 
what I want, geographers to note and the peoples to 
learn. Geographers have recorded what the world is 
according to Nature. I want them to note and teach 
others to note how under an all-wise Providence it is 
being subdued, replenished, recast, and contracted by 
man. 


SECTION G. 
ENGINEERING. 


OpeNING Appress By Pror. E.G. Coxer, M.A., D.Sc., 
PRESIDENT OF THE SECTION. 


THE subject of stress distribution in materials, which 
I have chosen for this address, is not one which an 
engineer can claim as his peculiar province, for it 
has been and still is a fruitful field of investigation 
for the mathematician, the physicist, and the geologist, 
and has always been so since the commencement of 
scientific inquiry; indeed, it must have been the 
source of speculation and controversy ever since man- 
kind emerged from a primitive state, and began to 
fashion dwellings, weapons, and tools from the 
materials at command. 

The development of architecture from the earliest 
dwellings of savage races to the great temples of 
Egypt and Greece, the bridges and aqueducts of the 
Romans, and the medizval buildings of Europe, all 
bear witness to the accumulation of practical know- 
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ledge of the properties of materials and of the stre-s 
distribution in structures, which we cannot fail to 
admire, although we know far too little of the way 
in which these ancient structures were planned and 
constructed. The magnificent arched and domed 
buildings of the Roman period, and the stately cath - 
drals of later times with their wealth of architectur«! 
form—tower and spire, flying buttress and vaulting— 
all show how considerable was the practical know- 
ledge of stress distribution possessed by the mast: 


| builders who planned and carried out these great 


structures. We, who inherit these buildings as 


| precious legacy of bygone ages, have at our command 





far greater resources in the accumulated knowledy: 
of centuries of scientific discovery and invention, and 
can build more complex structures—great bridges o} 
steel, towering frameworks covered by a thin venerr 
of masonry, and floating arsenals of the most be- 
wildering intricacy. All these we can show to ou 
credit as the result of the steady increase of scientiti 
knowledge applied to practical ends, but, even now, 
knowledge of the stresses which come upon these 
complex structures and machines is relatively small. 
Scientific investigations of engineering problems ci 
stress still lag behind constructive ability, and de- 
fective knowledge is obscured more or less by approxi- 
mate theories and buttressed by factors of safety, 
which serve in one instance perhaps, but show in 
others that they have merely given a sense of fancied 
security with no real basis, and are more properly 
factors of ignorance, to be discarded at the earliest 
moment. Who, for example, can say with certainty 
what is the stress distribution throughout the com- 
pression members of a great bridge, built up of com- 
plicated steel shapes and plates, united by stiffening 
angles, gusset plates, and innumerable rivets. There 
is probably good reason for the belief that a great 
strut is relatively weaker than a small one, when 
both are designed according to the same approximat 
formulz now used in current practice, and enginecrs 
are unwilling to take the responsibility for such 
members in a great structure, without providing 4 
very ample margin of safety to cover the contingencics 
arising from lack of precise knowledge of the strength 
of these members. So numerous are the problems 
which arise in the design and construction of machines 
and structures, that it is perhaps not unprofitable to 
devote a short hour to the consideration of some of 
the available means which an engineer can use as a 
guide for his applications of science to construction, 
since of whatever kind are the professionai activities 
he pursues, his place in the scheme of affairs mainly 
depends on his ability to make machines and struc- 
tures for directing and modifying natural sources oi 
power in known ways, or applying them to new pur- 
poses as scientific discoveries advance the boundaries 
of knowledge. 

The power to do this depends, to no small extent, 
upon the ability to determine the distribution of stress 
in a structure, and the skilful manner jn_ which 
material can be disposed for the required purpose. 

It is of some help to our appreciation of the achieve- 
ments of the great constructors of past ages, if w: 
remember that they probably all held the erroneou- 
view that materials of construction are perfectly rigid 
bodies, and, indeed, we know that as late as 1635 
Galileo Galilei was of that opinion, and that he cam: 
to an entirely wrong conclusion as regards the stress 
distribution in a loaded cantilever. 

It required the genius and insight of Robert Hook: 
to make a really great step, with his celebrated theory 
of the linear relation of stress to strain, and we can 
appreciate the glow of pride and satisfaction which 
he must have felt at his great discovery, when he 
records in 1675 that ‘“*his Majesty was pleased to s¢ 
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the experiment that made out this theory tried at 
\Vhitehall, as also my spring watch.” 

Hooke had, in fact, discovered the fundamental 
principle upon which a theory of the elasticity and 
strength of materials could be based, and it would be 
interesting to trace the great advances which were 
rapidly made from this new vantage ground, whereby 
the main facts of the distribution of stress in simple 
members of structures became known, and a founda- 
tion was laid for the great advances of the mathe- 
matical theory. If I am silent upon the enormous 
developments of the modern theory of the strength of 
materials it is not from lack of appreciation, but 
because I do not deem myself adequately fitted to 
discuss the great work of the elasticians, which all 
engineers admire, and so few are equipped to follow 
with the full battery of mathematical tools which have 
been pressed into service in the pursuit of this great 
science. 

\mong the greatest of the services rendered by early 
pioneers was that of Young, who was the first to 
notice that the elastic resistance of a body to shear 
was different from its resistance to extension or con- 
traction, and this led him to define a modulus of elas- 
ticity for materials in compression. As Prof. Love 
remarks, ‘‘ This introduction of a definite physical con- 
cept, which descends, as it were, from a clear sky on 
the readers of mathematical memoirs, marks an epoch 
in the history of the science.’ 

From the viewpoint of the engineer, nothing is of 
more practical importance than the great discoveries 
of Hooke and Young, that bodies like metal, wood, 
and stone are “‘springy”’ and have a simple linear 
relation between stress and strain. It is probably 
within the mark to say that nine-tenths of all the 
experimental investigations on stress distributions in 
structures have been entirely based on the funda- 
mental principles which they enunciated, and new uses 
are continually arising. The recent application of the 
steam turbine to the propulsion of ships produced a 
profound change in marine-engine practice, and inci- 
dentally involved an entire reconstruction of methods 
for obtaining the horse-power developed, which had 
been gradually perfected from the time of Watt, but 
were absolutely useless for the new system of pro- 
pulsion. Hooke’s discovery of the essential springi- 
ness of metals enabled engineers quickly to devise new 
instruments capable of accurately measuring the in- 
finitesimal angular distortions of propeller shafts, and 
from these to determine the horse-power transmitted 
by the aid of an appropriate modulus. 

The construction of tall buildings affords another 
example where advantage has been taken to deter- 
mine the loads upon columns by measuring the 
minute diminutions of length as the structure pro- 
ceeds, thereby affording a valuable check upon the 
calculations for these members, and a_ trustworthy 
indication of the pressures supported by the founda- 
tions. 

The distribution of stress in buildings constructed 
of composite materials like concrete reinforced with 
steel has also been examined by similar methods, and 
much data for guidance in future constructional work 
has been obtained, especially in the United States of 
America. 

The still more difficult problems involved in the 
determination of the stresses in joints and fastenings 
of complicated structures have often been investigated 
by purely mechanical measurements of strain, and the 
experimental investigations of Profs. Barraclough and 
Gibson and their pupils upon the distribution of stress 
due to riveted joints and curved plates of boiler shells 
afford a notable example of the successful application 
of the measurement of small strains to a_ stress 
problem of great complexity. 
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That “science of measurement”’ is here sufficiently 
obvious, and it seems only due to the memory of that 
great engineer, Sir Joseph Whitworth, to reter to his 
great mechanical achievements of a true plane and 
well-nigh perfect screw, which enabled him to measure 
changes of one-millionth of an inch, and _ thereby 
gave experimental investigations of strains of a new 
impetus, which is reflected in subsequent work on the 
subject. Nor must we forget the no less important 
exposition, by Kelvin and ‘lait, of the scientific prin- 
ciples of instrument construction which have done so 
much for the design of instruments for the precise 
measurement of strains. 

Mechanical measurements cannot, however, com- 
pletely satisfy all our modern requirements, since 
they are essentially average values, and fail to ac- 
commodate themselves to many of the problems which 
press for solution. 

In the quest for exact experimental knowledge, the 
measurement of stress at a point becomes of paramount 
importance, and we may, therefore, inquire what 
further means the researches of pure science have 
placed at our disposal for the determination of stress 
distribution in materials. 

It is well known that many materials when tested to 
destruction show a considerable rise of temperature 
at the place of fracture, especially in very ductile 
materials; but Weber was the first to discover that a 
metal wire when stretched within the elastic limit is 
cooled by the action of the load, and this result was 
| deduced later from the laws of thermo-elastic be- 
| haviour of materials by Lord Kelvin, who showed that 
| tension and compression loads produce opposite effects, 
| and that materials which have the property of con- 
tracting with rise of temperature show thermal 
effects of the reverse’ kind. Although _ the 
changes of temperature produced by stress are 
small within the elastic range—less than 1° C. for 
most materials—yet their effect upon a thermo-couple 
is readily measurable if the equilibrating effects of sur- 
rounding bodies are neutralised or allowed for, so that 
stress distribution can. be determined by thermal 
measurements at a point. The correction for such 
disturbing causes is usually an important factor, and 
is generally so large that experimental work is more 
suitable for the laboratory: than the workshop; but if 
all necessary precautions are taken a linear relation of 
stress to strain can be shown to hold up to the elastic 
limit of the material, while above this point the break- 
down of the structure causes a rise of temperature of 
so marked a character that it has been utilised by 
several investigators as an indication of the yield 
point. 

Experiments upon members subjected to tension, 
compression, and bending, show that thermal pheno- 
mena afford trustworthy indications of the stress in 
materials so diverse as a rolled-steel section, a block of 
cement, and beams of stone and slate. Although no 
attempt appears to have been made to investigate 
stress distributions of any great complexity, it seems 
not unlikely that thermal methods of investigation 
will ultimately prove of considerable value. 

The transparency of metals to R6éntgen rays is 
another phenomenon which has often been suggested 
as likely to be of service for work on stress distribu- 
tion in materials, and Mr. Howgrave Graham and I 
have examined a number of rolled metals under stress 
up to the breaking point, without, however, discover- 
ing any change in the appearance of the material as 
seen on a fluorescert screen. Although our experi- 
ments showed no perceptible change, it is, of course, 
not impossible that an effect may have escaped our 
| notice. 
| Another and still more fascinating field of research 
on stress distribution is afforded by the doubly refrac- 
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tive properties of transparent bodies under stress, a 
discovery made by Sir David Brewster almost exactly 
one hundred years ago, and but rarely made use of 
since by engineers, although Brewster himself imme- 
diately saw its value for experimental purposes, and 
suggested that mode's of arches might be made of 
glass, and the effects of stresses due to loading ren- 
dered visible in polarised light. 

Brewster carried his investigations further, by the 
invention of a ‘chromatic teinometer”’ for investi- 
gating the nature of strains, and consisting of plates 
or bars of glass subjected to flexure in definite ways 
for comparison with the body under stress. 

At a much later date (1841) Neumann developed 
an elaborate theory for the analysis of strain in trans- 
parent bodies due to load, unequal temperature, and 
set, while, still later, the youthful genius of Clerk- 
Maxwell supplied an algebraical solution for the stress 
distribution in any plate subjected to stresses in its 
own plane. 

The early history of the development of this branch 
of science is, in fact, remarkable for notable con- 
tributions at long intervals of time, and the almost 
complete disregard by engineers of its practical im- 
portance. 

The application of optical investigation to the deter- 
mination of stress distribution in engineering struc- 
tures and machines has, however, been hindered by 
causes which, although apparently insignificant, have 
been very real obstacles, and among these was the 
absence of a transparent material which could be 
fashioned into shapes suitable for investigating 
technical problems. It is not an easy matter, for 
example, to construct a glass model of a bridge free 
from internal stress, in the manner suggested by 
Brewster; and, moreover, glass is extremely fragile 
under load, especially in cases where the stress dis- 
tribution in it varies very much, while the cost of con- 
struction is very great. Happily there is now no 
necessity to employ glass for experimental investiga- 
tion on engineering problems, since modern chemistry 
has supplied artificial bodies, such as the nitro-cellulose 
compounds used for many trade purposes, which have 
optical properties very little inferior to glass, are able 
to bear great stresses without injury, and also are 
capable of being fashioned with the ease and certainty 
of a wooden model. Photographic processes are also 
able to reproduce the brilliant colour effects caused by 
stress in transparent materials, so that permanent 
records can now be made for future reference. 

The construction of polariscopes for examining 
models on a large scale is very essential for technical 
research, and the great scarcity of Iceland spar of 
sufficient purity and size for use as Nicol’s prisms has 
caused much attention to be paid to the construction 
of apparatus for producing plane polarised light by the 
aid of sheets of glass. Fortunately this presents little 
difficulty, and although the light is not nearly so well 
polarised as that obtained from a Nicol’s prism it is 
sufficiently so for the purpose. Large quarter-wave 
plates of mica have also been constructed by my col- 
league, Prof. Silvanus Thompson, for obtaining cir- 
cularly polarised light, and these have proved suffi- 
ciently exact and exceedingly useful for large models. 

It is of importance to show that the stress distribu- 
tion revealed bv a polarised beam of light passing 
through an elastic transparent material in no wav 
differs from that obtained by other means, and evi- 
dence is available in modern researches, especially bv 
Filon, that the experimental results obtained with 
glass agree with those of the theorv of elasticity, while 
a satisfactory agreement of a similar kind has also 
been obtained with nitro-cellulose compounds, although 
not in so complete and direct a manner. Such an 
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agreement may be expected on theoretical grounds, 
since the values of elastic constants do not affec; 
the fundamental equations for stresses in a plane, ani 
although for three-dimensional stress the effect of the 


| stretch-squeeze ratio causes some difference, yet this ; 


usually negligible. 

Most of the physical constants of glass have been 
determined with very considerable accuracy, but oth: 
transparent substances have so far received little atten- 
tion, and their optical constants are not well known. 
The stress-strain: relations of glass and nitro-cellulose 
have been determined with considerable accuracy, and 
a useful idea of their relation to metals may be gained 
from the value of the stretch-modulus, E, and th 
stretch-squeeze ratio, 7. 

The accompanying table shows some average valucs 
for a few important materials, and it is of interest 
to note that the stretch-squeeze ratios of cast-iron and 
plate-glass are very similar, while the values of the 
stretch modulus are nearly as three to two. Thes: 
two materials also possess other like characteristics : 
they are both very brittle, and possess well-developed 
crystalline structure, so that we may expect the pro- 
perties of cast-iron under stress to be very faithfully 
followed by plate-glass. 

Material E 
Steel 30,000, 000 
Wrought iron 28,000,000 
Cast iron ... 15,000,000 
Plate-glass ose 10,500,000 we ‘s 
Nitro-cellulose 260,000 to 300,000 0'40 

The high values of the stretch modulus for steel and 
wrought iron are not, apparently, approached by any 
transparent material having similar ductile proper- 
ties, but although nitro-cellulose has a stretch modulus 
of rather less than one-hundredth that of steel, its 
stress-strain properties are not unlike. In some recent 
experiments with a miniature testing machine fitted 
with an arrangement for recording the stress-strain 
relations of xylonite throughout the whole range of 
stress up to fracture, the main characteristics of steel 
appear on a very reduced scale, and give additional 
confidence that the results of optical experiments on 
this material are applicable to metal structures. 

The complete analysis of stress distribution in a 
plate is not, however, a simple matter, and the 
aualysis of Clerk-Maxwell was intended to provide a 
solution based on the properties of the isochromatic 
and isoclinic lines, coupled with the law that the 
optical effect is proportional to the difference of the 
principal stresses at a point, and to the thickness of 
the plate. 

A principal stress perpendicular to the bounding 
planes is assumed to have no optical effect; but since 
many cases have arisen where there are three prin- 
cipal stress components, it seemed desirable to 
examine such a case experimentally. 

It is a matter of some difficulty to arrange ap- 
paratus to stress a specimen in the direction of the 
incident beam, and at the same time observe the 
optical effect free from disturbing causes, since 4 
transparent medium must be interposed for applying 
the required load, and this will be subject to stresses 
which may interfere with the optical effect on the 
specimen. 

Some observations on circular plates clamped at 
the edges and uniformly loaded over one face, showed 
that the bending stresses produced in the plate caused 
very little optical effect, since the tension and com- 
pression stresses neutralised one another, while the 
shear effects also appeared to be practically negligible. 
The only remaining stresses of importance were those 
caused by the clamiping plates at the boundary, which 


produced radizl and circumferential stresses having 
} 
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circular symmetry, and as the optical effects of these | of the principal stresses is then measured in terms ot 


latter disappeared at a small distance from the edge, 
a field of view was obtained in which the optical 
efiects of load applied perpendicularly to the plate 
were quite small, even when the internal stresses 
were very great. 

Two circular plates clamped together to enclose 
a space between them may therefore be used as 
windows for observing the effect of a uniform pres- 
sure upon a transparent specimen, which latter may 
be a plate with its faces parallel to the end plates 
closing the chamber. If cubical compression is ap- 
plied by a fluid, the principal stresses in the plane of 
the plate produce opposing optical effects, and any 
remaining effect is due to perpendicular pressures on 
the faces. The arrangement of experimental appara- 
tus, therefore, took the form of a pair of transparent 
windows separated by an annular disc, and firmly 
clamped together by collars. The central chamber so 
formed was subjected to pressure of air, or other 
fluid, up to about one thousand pounds per square 
inch, and afterwards the specimen was introduced and 
the same pressure applied; but no visible change of 
effect could be observed. Finally, the specimen was 
set in the field of view outside the chamber, and 
pressure again applied by the fluid, but still no change 
was apparent. In all three cases the optical effects 
produced were small, and practically alike, so that 
the experimental evidence .appears to warrant the 
conclusion that a principal stress in the direction of 
an incident beam of polarised light has no optical 
effect in a thin plate, or at any rate is so small that 
it may be neglected. 

That the retardation between the ordinary and 
extraordinary rays is proportional to the stress dif- 
ference perpendicular to the incident beam within the 
elastic limit of the material may, therefore, be taken 
as reasonably accurate, although future research may 
show that it is only an approximation, or even that 
it is more uccurate to commence from a fundamental 
strain equation; but according to present knowledge 
there appears to be no warrant for such a procedure. 

A more pressing difficulty arises with regard to 
the optical constant connecting the wave-length re- 
tardation with the stress difference. The recent 
researches of Filon on glass show that the value of 
this constant is curiously dependent on the previous 
history of the material, especially as regards its heat 
treatment. Until further knowledge is gained on this 
matter it appears to be necessary to guard against 
errors in stress measurement from this cause by a 
careful selection and treatment of the material used, 
since for other artificial bodies we may find that 
the variation in the constant is not less in magnitude, 
and is at least as complex as in glass. In some 
instances the stress optical coefficient may be dis- 
pensed with, and Filon has shown, in cases where a 
theory of stress distribution has been worked out and 
it is desired to compare it with the results of optical 
measurements, that the isoclinic lines offer many ad- 
vantages, since they are independent of photo-elastic 
constants, and the material need only be subjected to 
small stresses. 

The experimental analysis of stress distribution in 
a body depends on the possibility of finding the 
magnitudes and directions of the principal stresses 
at every point, and in practice it is found the simplest 
plan to determine the directions of stress from the 
lines of equal inclination obtained in plane polarised 
light, and to measure the stress difference by com- 
parison with a wave-length standard, such as a 
Babinet compensator, or by comparison with a simple 
tension member set along one of the lines of prin- 
cipal stress, and loaded until the total effect produced 
is a dark field denoting a zero value. The difference 
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a simple tension. ‘This alone is insufficient to deter- 
mine the distribution, unless one of the principal 
stresses is zero, and, in general, another independent 
measure must be obtained. This is very conveniently 
supplied by the change in the lateral dimensions of 
the plate under stress, since this change may be 
taken, in the absence of a third principal stress, as 
proportional to the generalised sum of the principal 
stresses throughout the thickness. 

The determination of the lateral strains in a com- 
paratively thin plate, forming part of a model of a 
machine or structure, necessitates measurements of 
extremely minute linear quantities. If, for example, 
a plate of xylonite is taken, of the maximum thick- 
ness obtainable for optical work, a simple calculation 
shows that these strains must be measured to an 
accuracy of one- or two-millionths of an inch. Several 
instruments have been designed and constructed for 
this purpose, to fulfil conditions which appear to be 
essential for successful use. It is necessary to avoid 
all chance of injury to the surface of a transparent 
material, so that the measuring points of an instru- 
ment can only be pressed lightly against the surfaces, 
and the weight must, therefore, be supported inde- 
pendently of the model. In instruments so far con- 
structed, the measuring mechanism is carried on a 
U-shaped frame, for convenience of movement from 
point to point of the specimen. One measuring needle 
is secured and operated by a calibrating screw, and 
the other is free to move a multiplying lever system, 
and thereby tilt a mirror to give an angular deflection, 
which latter is calibiated by reference to the standard 
screw when the instrument has been finally secured 
in place. In recent work the labour of accurately 
setting the instrument in a number of different posi- 
tions has proved so great, that my assistant, Mr. 
F. H. Withycombe, has designed a useful adjunct in 
the form of a mechanical slide-rest, to effect the 
required changes easily and expeditiously. In one 
arrangement, a bracket carries the measuring in- 
strument on a three-point support, and movement is 
effected by slides arranged to give displacements 
along three axes at right angles, and their amounts 
are measured by micrometer screws to an accuracy 
of rather less than one-thousandth of an inch. 

These methods of stress determination avoid the 
difficulties of the Clerk-Maxwell analysis, which 
necessitates the determination of the equations to both 
families of isochromatic and isoclinic bands, usually 
a mathematical problem of considerable complexity. 
In some simple cases Mr. Scoble and IJ have verified 
the accuracy of the method of lateral measurements 
for determining the sum of the principal stresses, by 
comparing the calculated stresses with the experi- 
mental values obtained in a plate of transparent 
material. We have lately carried these experiments a 
stage further, and have shown that the measured 
sums of the principal stresses in steel agree with the 
calculated values. This experimental solution, in fact, 
gives the stress at a point in a plate, if the conditions 
are those assumed: by the mathematical case of a 


| plate where generalised equations of stress apply. 


It is at once obvious, if the utility of experiments 
on models of this kind is admitted, that experimental 
evidence is available on a variety of practical engineer- 
ing problems covering a very wide field of practice, 
not merely qualitative, but quantitative, and ap- 
proximating to the needs of the physicist and mathe- 


| matician, and well within the known variations of 


the materials with which the engineer has to deal 
in his daily practice. 

During the last few years much attention has been 
paid to the determination of the stresses in structural 
elements of primary importance, but only a small 
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number of cases have been examined, since even the 
simplest problems have proved somewhat difficult, 
and much time and labour have been spent in per- 
fecting optical and mechanical appliances to suit the 
special conditions required for investigations on trans- 
parent models. A simple example of a case easily 
examined and of practical importance is that of a 
tension member subjected to an eccentric load. The 
optical effects here show a linear distribution of 
stress due to the combination of direct pull and bend- 
ing, while the neutral axis moves towards the tension 
side as the stress increases. Not only can these effects 
be measured, but if the specimen begins to fail 
some indication is obtained of the way in which the 
stress distribution is changed to meet the new con- 
ditions, and there is found a tendency to an equalisa- 
tion of the maximum stress at the boundary, although 
at present the form of the curve of distribution beyond 
the elastic limit is largely conjectural. 

A case like that of a very short member subjected 
to direct compression is also not without interest, 
partly because it reveals unexpected difficulties. In 
the first place it is not easy to apply a pure compres- 
sion stress, and if the surfaces in contact are not of 
the same materials it appears to be practically impos- 
sible, since the lateral changes are unlike, and shear 
stress is therefore produced at the plane of the sur- 
faces in contact. In a short member this shear has 
a very important influence, and by interposing a thin 
layer of a material, such as india-rubber, between 
the pressure plates and the short transparent block, 
the artificial shear effect produced by the india-rubber 
is easily shown to influence the distribution through- 
out, and to increase the stress in a very marked way. 
Experiments on transparent materials show that the 
increase of stress may be twenty per cent. or even 
more. Such an effect is known to take place when 
cubes of stone are crushed between lead plates, and 
optical investigations on models have enabled a 
quantitative measure of the effect to be ascertained 
in this and other cases, thereby confirming the 
theoretical investigations of Filon on the distribution 
of stress in such members under various practical 
systems of loading. 

The local effects produced near the points of applica- 
tion of a load are usually of considerable importance, 
and their influence on the stress distribution in beams 
has been examined by Carus-Wilson. 

The stress effects produced by discontinuities in 
materials is also of considerable interest, and the 
cases arising from the necessities of construction are 
infinite in their variety. 

The practical importance of an accurate knowledge 
of the change in stress distribution produced by 
changes of section in a member is so thoroughly ap- 
preciated that it needs no insistence, and it has re- 
ceived much attention from a mathematical point of 
view. Thus the local effect of a spherical cavity 
in a member subjected to uniform tension or com- 
pression load has been shown by Love to double the 
intensity very nearlv, while Kirsch has shown that a 
small cylindrical hole in a tension member trebles the 
stress intensity. If the hole is elliptical the increase 
of stress may be still greater, and Inglis has shown, 
among other interesting cases, thar if the minor axis 
of the ellipse is parallel to the direction of the applied 
load in a tension member, the stress intensity is in- 
creased by an amount measured by twice the ratio 
of the axis of the ellipse. 

A crack, considered as the limiting case of an 
elliptical hole, is thus seen to give extremely great 
stresses at the ends, tending towards infinite values 
for an extremely fine crack. 

Optical experiments afford an independent means 
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' of examining the alterations of stress intensity pro- 


duced by discontinuities, and the results are found 
to agree remarkably well with those obtained from 
the theory of elasticity. The stress at the boundary 
of a smail cylindrical hole in a plate has been found 
to be almost exactly three times the stress in the full 
plate, and the effects of holes comparable with the 
width of the tension member have also been examinci 
in some detail. 

In the case of a rivet just filling the hole and exer\- 
ing no tangential effect at the boundary there is 4 
lessened tension stress across the minimum section at 
the boundary hole, accompanied by a marked radial 
tension. ‘Lhese effects have been recently confirmed 
in a mathematical discussion by Suyehiro. Other 
cases give satisfactory agreement with calculation, 
and we may therefore feel some confidence that ex- 
perimental investigation will prove useful in some of 
the very complicated cases arising out of engineering 
practice where analysis is difficult, if not impossible. 

The effects of overstress in materials may also be 
examined by optical means, and although the laws 
relating to stress distribution in overstressed trans- 
parent material are not known, the general effects 
observed in simple cases are fairly evident. If, for 
example, a tension member of glass is stressed, there 
is no ductile yielding of the material, and the stress 
will therefore rise very rapidly at the boundary of a 
small hole, and fracture will therefore occur with a 
moderate load. If, however, a ductile transparent 
material is employed, and the material shows signs 
of failure at the hole, the breakdown of the structure 
spreads outwards as the load is increased, until we 
may have a condition in which within the elastic 
limit the curve of stress intensity at the minimum 
section accords with calculation, but at the over- 
stressed part the stress tends to equalise, and the curve 
of intensity tends to become horizontal near the hole. 
The mean value of this part of the stress distribution 
may be inferred from the difference between the total 
load and the measured values below the region of 
failure; but the true distribution of the overstress has 
not been accurately determined, so that the shape of 
this peak is largely conjectural. 

The effects of groups of rivets such as occur in 
bridges, boilers, and structural members of all kinds, 
afford ample scope for further inquiry; but before 
more exact knowledge can be gained of the condition 
of stress in a complicated riveted joint it appears 
necessary to examine thoroughly the very simp 
cases. 

Mr. Scoble and I have examined the case of the 
load applied by one rivet to a plate with various 
amounts of overlap, and the stresses around the rivet 
holes had been measured with fair accuracy. 

Other interesting cases of discontinuity in structure 
are afforded by the engine hatchways, gun-turrets, 
funnel openings, and the like, in ships’ decks, and 
some progress in this direction has been made by 
experiments on model decks, subjected to loads lik: 
those produced when a vessel meets the waves due 
to a head sea. 

Even if the utility of transparent models is left ou! 
of account, it is generally acknowledged that many 
engineering problems are often simplified by the use 
of models of machines and structures on a smal! 
scale, when circumstances forbid experimental ex- 
amination of the actual work. No defence of their 
use is, I think, necessary, since the employment of 
models is a characteristic feature of British methods 
not limited to engineers. Kelvin did not disdain 
their use, and his successors, who have done so much 
to advance knowledge of the zther and the atomic 
dust, have freely employed their great ingenuity in 
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the construction of mechanical models and diagrams 
to explain their views, as in the Lodge cog-wheel 
diagrams of the ether, the planetary systems of 
atoms of J. J. Thomson and Rutherford, and the 
grouping of elements by Soddy. 

Engineers have not the same great difficulties 
which confront those who are advancing the boun- 
daries of pure science; their models are very much 
what they please to make them; but, even then, 
problems arise which are sufficiently difficult to tax 
all the resources of applied science. The behaviour 
of models considered as similar structures is, there- 
fore, a subject which engineers are bound to investi- 
gate in order to determine the effects of fixed and 
moving loads, the action of wind, the pressure and 
frictional effects of steam and other fluids, and many 
other problems. 

In the majority of cases the simplest and most 
direct method is the experimental study of a model, 
from which to obtain the data required for cal- 
culating effects on a full-sized structure, and hence 
the laws of similarity have received a very close 
scrutiny. 

Although most valuable information can be ob- 
tained from models, their usefulness is clearly limited. 
The effects of the dead weight of a structure are 
proportional to the cube of the linear dimensions, and 
are, therefore, not usually measurable on a model 
except in exceptional circumstances, as, for instance, 
where elastic jellies are employed, as in the well- 
known investigations of Pearson on the stress dis- 
tribution in reservoir dams. Nor are questions of 
stability easy to solve, since the forces producing in- 
stability are proportional to the size of the model. 
On the other hand, stress effects due to applications 
of load may be measured by the strains produced in 
a model of the same material, if the loads are pro- 
portional to the squares of the linear dimensions. 
The effects of applied load are studied even better 
in a model constructed of transparent material, since 
the variation of stress from point to point can be 
studied with much greater ease and certainty. 

As detailed models of this latter kind present some 
variations from the usual laws of similarity, it may 
be of interest to indicate their nature. Questions of 
deformation clearly involve the elastic constants of the 
transparent material and their relation to those of 
the proposed structure, while stress distribution in 
the solid is influenced by the value of Poisson’s ratio. 
This latter effect is quite small for glass, but may 
become appreciable with other substance. It is 
negligible in a model of any material which approxi- 
mates to a thin plate stressed by forces in its own 
plane. 

The optical effects for any given load are, moreover, 
independent of the thickness of the material, and 
depend upon the stress difference, so that colour 
effects are obtained which.may be regarded as pic- 
tures of shear stress throughout the model. Modern 
researches on ductile materials like structural steel 
indicate that such materials fail at some limiting 
value of shearing stress, and since the place where 
these limiting values are reached in the model are 
visible’ to the eye, the weak places in the design of 
a structure can be ascertained and a faulty design 
corrected by purely experimental means. 

In this connection it is of interest to mention that 
M. Mesnager, the chief engineer of bridges and roads 
to the French Government, has recently constructed 
an elaborate model in glass of a design of an arched 
bridge of about 310 feet span. This investigation 
was considered advisable for a work of this magni- 
tude constructed of reinforced concrete, in order to 


check the calculations, especially of maximum stresses , dustries. 
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in the arched ribs, which latter were assumed to be 
fixed at the ends. 

The effects of reinforcements were allowed for by 
determining equivalent sections of glass for the 
members of the model. Many difficulties had to be 
overcome in the production of a model free from 
optical defects, but these were all successfully sur- 
mounted. The stresses in the model were determined 
by aid of a Babinet compensator, and formed a valu- 


| able check upon the calculations for a structure of 


this great magnitude and somewhat unusual design. 

In this brief and incomplete account of a small 
branch of applied science relating to engineering the 
fundamental importance of discoveries in pure science 


is manifest. 


The discoveries in pure science and their innumer- 
able applications to practical ends are ever a potent 
factor working for the common good, and the value 
which the British Association places upon applied 
science was most cordially voiced by Prof. Bateson 
in his Portsmouth address when he said: ‘‘To the 
creation of applicable science the very highest gifts 
and training are well devoted,” and, ‘‘The man who 
devotes his life to applied science should be made to 
feel that he is in the main stream of scientific pro- 
gress. If he is not, both his work and science at 
iarge will suffer. The opportunities of discovery are 
so few that we cannot afford to miss any, and it is 
to the man of trained mind, who is in contact with 
the phenomenon of a great applied science, that such 
opportunities are most often given”; and, again, 
“If we are to progress fast there must be no separa- 
tion between pure and applied science. The practical 
man with his wide knowledge of specific natural 
facts, and the scientific student ever seeking to find 
the hard general truth which the diversity of Nature 
hides—truths out of which any lasting structure of 
progress must be built—have everything to gain from 
free interchange of experience and ideas.” 

Engineers who are more immediately concerned 
with the problems of directing the great sources of 
power in Nature for the use and convenience of man 
are indeed grateful to our president for these inspiring 
words, and trust that the ties which unite investiga- 
tors in pure and applied science will never slacken, 
but will knit together more closely for a joint advance 
to a more perfect understanding and utilisation of the 
laws of Nature. 


UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE. 
SHEFFIELD.—The council has decided to invite Dr. 
J. B. Leathes, F.R.S., professor of pathological chem- 
istry in the University of Toronto, to accept the chair 
of physiology rendered vacant by the acceptance of 


Prof. J. S. Macdonald of the chair of physiology in 
the University of Liverpool. 


A copy of the calendar for the forthcoming session 
of the City of Bradford Technical College has been 
received. It provides full particulars of the various 
day courses arranged, prospectuses of the evening 
courses in different departments, and general guidance 
for intending students. The diploma of the college is 
awarded to each day student who has been in attend- 
ance for three complete sessions subsequent to passing 
the entrance examination, and has passed the college 
examinations in ali subjects of the diploma course 
taken. The diploma courses in chemistry and_ in 
chemistry and dyeing extend over four years. The 
diploma courses afford a full training for the various 
branches of the textile, chemical, and engineering in- 
Arrangements have been made with the 
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University of Leeds whereby students of the Univer- 
sity or of the college have the use of certain equipment 
and other facilities at both institutions. Students 
remaining for a fourth year may take up advanced 
studies or research in a large number of branches of 
technological science. The associateship of the col- 
lege, which confers several privileges, is awarded to 
certain students who, holding the college diploma, 
have attained their majority, had a year’s practical 
experience with a firm engaged in their trade or pro- 
fession subsequent to obtaining the diploma, and have 
submitted an approved original thesis. 


Tue calendar for the forthcoming session—the one 
hundred and nineteenth—of the Royal Technical 
College, Glasgow, is now available. It will be re- 
membered that in 1913 the college became affiliated 
to the University of Glasgow. A university ad- 
visory joint-committee has been established, and a 
joint-board of studies in applied science and joint- 
boards of examiners in the same department repre- 
sentative of the university and the college, have been 
constituted. Candidates for the degree of B.Sc. in 
applied science may attend the necessary qualifying 
courses either in the university or in the college or 
in both, provided that the fees paid for graduating 
courses in the college are not less than those payable 
for corresponding courses in the university. The 
courses of study provided by the college in civil, 
mechanical, electrical, and mining engineering include 
the classes necessary for graduation in applied 
science. The University of Edinburgh has recognised 
the day classes of the college as qualifying for its 
degree of B.Sc., under certain regulations. Among 
other interesting arrangements explained in the 
calendar that may be mentioned by which a large 
number of engineering firms have expressed their 
willingness to allow a selected number of their ap- 
prentices facilities for carrying out a scheme of college 
study conjoined with practical work. The courses 
of study in engineering are held during the winter 
session of the college, and thus student-apprentices 
are left free to spend the intervening summers in 
works. The college provides practical instruction in 
all branches of technology, and the calendar gives full 
particulars of all for the use of intending students. 


SOCIETIES AND ACADEMIES. 
Paris. 

Academy of Sciences, August 24.—M. P. Appell in 
the chair.—B. Baillaud : Observations of the eclipse 
of the sun of August 21 made at the observatories of 
Algiers and Paris. At Algiers the eclipse was ob- 
served under good conditions. Thirty photographs 
were obtained, times of contact measured, and the 
ionisation studied. At Paris measurements were made 
of times of contact and four negatives were taken, but 
clouds interfered with the observations.—H. Deslandres 
and A. Perot: A second series of attempts to obtain a 
maximum magnetic field. The use of water with a 
new mode of cooling. The authors have aimed at the 
use of intense currents and large quantities of elec- 
trical energy rather than applying enormous masses of 
iron. The essential difficulty is the cooling of the 
bobbins carrying the high current, and an apparatus 
for effecting this with a current of water is described 
and illustrated. The maximum field obtained was 
63,700 gauss, 22,900 of which was due to the iron 
core. The current used was 5000 amperes. A field of 
50,000 gauss was obtained without an iron core 
(energy 340 kilowatts). The possibility of obtaining 
still higher fields by this method of winding and cool- 
ing is discussed.__M. Bezssonoff; The pigments of 
Fusarium. Two pigments are present : one yellow, 
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| belonging to the anthocyanic group; the oes red, 
identified with carotine, described by Wildstater.— 
E. Maurié: The nutritive value of ossein. The nitro- 
genous material contained in bones is of considerabl« 
nutritive value. Details of the mode of extraction are 
given.—J. Danysz: The treatment of trypanosomiasis 
by arsenical compounds, combined with salts of silver 
/ and antimony (products 88* and 102‘). The compound 
specially studied had the composition 
[C,.H,,.0,N,<As,].AgBr.SbO(H,SO,),, 

and showed marked improvement in therapeutic pro- 
perties against Tr. surra and Tr. gambiense as com- 
pared with compounds previous tried. In the case of 
the mice used for the experiments the fatal dose (per 
20 grams) was 5 megr., the tolerated dose 04 mgr. 
The ratio between the tolerated dose and the curativ: 
dose was 80: 1 for surra and 100: 1 for Tr. gambiense. 
Confirmative experiments were carried out on rabbits. 
—J. M. Barbosa: The bronchial sphincters in Delphinus 
delphis. 
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